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SECTION   I 

THE  QUESTIONS  ASKED,  STATED  IN  THREE  GROUPS  OF 
ACCEPTED  FACTS,  AND  THE  INFLAMMATION  IDEA  IN 
GENERAL    PATHOLOGY 

§  I.  In  1892  I  gave  an  address  in  the  Section  of  Medicine 
at  the  Nottingham  Meeting  of  the  British  Medical 
Association,  "  On  Some  Diseases  of  Plants  compared  with 
those  of  Man."  The  conclusions  then  reached,  in  so  far 
as  they  relate  to  the  plant-diseases  treated  of,  are  still 
tenable  in  the  main,  although  they  demand  some,  perhaps 
minor,  corrections.  However,  the  comparison  I  then  drew 
between  the  growth  of  galls  in  plants  and  inflammation 
in  man  was  then,  and  is  now,  less  generally  accepted  as 
an  appropriate  one  than  I  then  thought.  It  has,  in  fact, 
still  to  be  justified  ;  for  although  the  two  processes  have 
not  been  completely  separated  upon  sufficient  grounds, 
neither  have  they  as  yet  been  sufficiently  shown  to  be  so 
near  to  each  other  as  to  be  now,  and  rightly,  placed  in  the 
same  category.     Most  pathologists  who  treat  of  inflam- 
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mation  in  the  higher  animals  ignore  the  question  of  any 
disease-processes  in  plants  strictly  analogous  to  inflammation 
in  man,  and  some  explicitly  deny  their  possibility. 

I  will  therefore  now  endeavour  to  give  a  candid  recon- 
sideration to  the  position  then  avowed,  and  summarised 
in  the  following  passages: — (p.  i)  "Inflammation  in 
Plants  might  have  been  the  title  of  this  address,  as  it  will 
deal  almost  solely  with  that  process,  which,  as  I  define  it 
provisionally,  may  be  considered  as  the  reaction  of  living 
cells  to  irritation  "  ;  and  again  (p.  19),  "  That  the  reactions 
of  all  living  tissues  to  irritants  are  rightly  considered  as 
inflammations,  I  think  will  receive  general  assent.  Nor 
can  I  doubt  your  support  of  the  proposition  that  a  general 
theory  of  inflammation  should  include  all  organisms." 
That  these  assumptions  were  much  too  sanguine,  I  now 
grant,  and  do  suitable  penance  for  them.  Again,  I 
ventured  then  to  suggest  as  a  sufficiently  comprehensive 
definition  of  inflammation  the  following:  : — "  In  virtue  of 
those  necessary  and  inherent  faculties  by  which  all  organ- 
isms repair  injuries,  living  cells  react  in  response  to  true 
irritations  by  a  proliferation  with  modifications  directed 
by  the  irritant,  and  not  beneficial  to  the  organisms  in 
which  the  process  occurs." 

I  purpose  here,  so  far  as  is  possible  without  bias,  to 
inquire  anew  what  relations,  if  any,  exist  between  typical 
inflammations,  as  almost  universally  accepted  in  the  higher 
animals,  and  the  disease-processes  in  plants  above  referred 
to  ;  how  far  they  are  really  analogous  or  comparable  ; 
and  whether  or  no  they  are  properly  to  be  designated  by 
the  same  term  ;  or  if  not,  whether  or  no  they  may  be 
included  in  one  larger  common  pathological  group. 

In  so  doing,  I  shall  reverse  the  point  of  view  and, 
instead  of  approaching  the  problem  from  the  standpoint 
of  the  phyto-pathologist,  shall  do  so  from  the  position  of 
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the  student  of  human  pathology,  which  has  the  advantage 
of  having  been  longest  studied,  of  having  given  us  the 
terminology  in  use,  the  dominant  ideas  in  regard  to  the 
series  of  phenomena  presented  and  the  most  elaborate  and 
detailed  observations  thereon.  The  object  being  thus 
viewed  from  its  two  chief  aspects,  may  reasonably  be 
expected  to  appear  more  proportionate,  and  even  distinct, 
than  when  seen  from  either  alone  ;  and  I  hope  a  more 
consistent  and  intelligible  idea  may  then  be  formed  of 
what  it  is  we  should  mean  by  the  term  inflammation 
in  general  pathology,  considered  as  a  branch  of  general 
biology,  than  up  to  the  present  has  been  the  case.  Each 
aspect  of  the  problem  has  its  own  special  advantages,  as 
well  as  disadvantages  ;  but  both  being  duly  studied, 
the  whole  may  be,  I  think,  better  understood,  as  each 
may  supplement  or  correct  the  other ;  and  the  pro- 
portionate value  of  each  chief  factor  may  appear  more 
clearly. 

§  2.  Viewing,  then,  both  kingdoms  of  nature  in  broad 
outline  together,  the  questions  before  us  may  be  briefly 
stated  thus,  in  three  groups  of  accepted  facts  : — 

A.  It  is  an  observed  fact,  widely,  I  think  universally, 
accepted,  that  all  living  organisms  are  liable  to  many 
casual  non-fatal  injuries,  and  that  a  series  of  changes 
follows  them,  by  which  such  injuries  are  healed.  This 
is  spoken  of  as  Repair  of  injury,  and  has  been  well 
called  a  "  universal  physiological  law  of  nature  "  (Burdon- 
Sanderson). 

B.  It  is  also  a  generally  accepted  fact,  that,  certainly 
in  some,  perhaps  in  all,  living  organisms,  after  some 
apparently  similar  injuries,  a  different  series  of  changes 
follows,  during  or  by  which  the  process  of  healing  is 
arrested  or  perverted  and  damage  is  done.  This  is 
spoken  of    as  Inflammation   when  met  with  in  man  and 
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in  some  other  organisms  ;  and  when  a  similar  series  of 
changes  is  met  with,  but  is  not  preceded  or  accompanied 
by  any  discoverable  injury,  the  same  term  is  used  to 
indicate  it.  It  is  one  of  the  aims  of  this  essay  to 
ascertain  in  what  organisms  this  process  or  its  equivalents 
are  met  with,  and  to  this  end  it  is  necessary  to  learn 
how  it  can  be  recognised,  wherever  it  is  met  with,  and, 
when  it  is  not  seen  in  its  typical  form,  what  are  its 
equivalents. 

C.  It  is  also  similarly  accepted  as  a  fact,  that,  in  a 
large  proportion  of  the  cases  in  which  the  process  of 
Repair  has  been  so  arrested  or  perverted  by  the  series 
of  changes  called  Inflammation^  in  some  organisms  whether 
preceded  by  an  injury  or  not,  this  process  ceases  after 
a  time  ;  and  then  repair  dominates,  and  healing  is  the 
result.  This  is  spoken  of  as  Recovery  :  and  the  expres- 
sion is  used  here  in  this  sense,  and  so  with  a  technical 
limitation  to  this  frequent  consequence  of  Inflammation. 

§  3.  From  this  summary  statement  of  generally  accepted 
facts  I  conclude,  though  as  yet  only  provisionally,  as 
follows  : — That  the  faculty  of  Repair  of  casual  injuries 
is  to  be  regarded  as  an  evolved,  necessary,  normal  and 
beneficent  faculty  of  all  organisms,  without  which  they 
could  not  maintain  themselves  in  life  :  that  Inflammation., 
when  it  is  met  with,  is  not  an  evolved,  necessary,  normal 
faculty  ;  but  is  a  casually  intervening,  abnormal  and 
damaging  process,  and,  so  long  as  it  lasts,  antagonizing 
repair  ;  it  is  not,  however,  as  yet  generally  accepted  as 
occurring  in  all  organisms  :  that  in  those  organisms  in 
which  Inflammation  is  known  to  occur,  when  it  ceases. 
Recovery  often  takes  place  in  virtue  of  the  persistence  in 
the  focus  throughout  the  abnormal  process,  of  the 
evolved,  intrinsic,  normal,  reparative  faculties,  which 
had  been  misdirected   but   not  destroyed  by  the  irritant 
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actions  ;  and  although  often  the  final  result  may  not 
restore  the  exact  condition  which  had  preceded  the 
injurious  irritation  and  the  Inflammation^  yet  does  it  always 
result  in  a  beneficent  approach  thereto,  and  it  is  in 
effect  a  repair,  even  if  only  by  compromise.  These 
conclusions  are  not  in  accord  with  the  current,  dominant 
teachings,  although  they  rest  upon  the  facts  stated  above 
as  accepted.  Provisionally,  they  seem  justified  thereby  J 
and  they  include  both  plants  and  animals. 

§  4.  As  the  title  of  this  essay  includes  the  inflammation 
idea,  and  also  that  of  general  pathology,  it  is  required  to 
form  as  clear  a  conception  as  is  possible  of  both.  Enough 
has  been  said  by  way  of  introduction  to  the  former,  but 
something  further  is  requisite  in  respect  of  the  latter, 
seeing  that  the  expression  general  pathology  is  not 
generally  used  in  the  wider  sense  I  here  adopt.  I  will 
take  as  a  fair  illustration  of  this  broad  statement,  E. 
Ziegler's  Handbook  of  General  Pathology  ;  or.  The  study 
of  the  causes^  the  nature^  and  the  course  of  diseased  vital 
processes  (vol.  i.,  tenth  edition,  1901).  He  says,  in  the 
introduction,  to  this  volume  :  "  General  pathology,  the 
study  of  diseased  life,  includes  the  task  of  a  research  into 
all  the  diseased  vital  processes  in  all  directions,  that  is,  not 
only  their  essentials  and  significance  or  meanings,  but 
also  their  causes  and  origins,  as  well  as  ultimately  their 
courses  and  results." 

He  rests  pathology,  as  physiology,  upon  the  results  of 
studies  chiefly  made  in  man  and  his  allies,  and  makes 
general  pathology  the  equivalent  of  pathological  physiology 
so  derived.  He,  however,  does  not  include  in  his  re- 
searches, as  they  are  here  given,  "  all  directions,"  but 
limits  them  largely,  almost  exclusively,  to  the  "  diseased 
vital  processes  "  as  met  with  in  man  ;  and  to  this  extent 
he  is  not  consequent.     As  a  result,  the  manifestations  of 


6  THE   INFLAMMATION   IDEA 

the  various  "  diseased  vital  processes  "  which  he  dwells  on 
are  not  those  which  are  met  with  in  all  organisms  ;  but 
they  are  dominated  by  the  characteristic  phenomena  of 
those  changes  with  which  we  are  so  familiar  in  man. 
They  are  not  to  any  adequate  extent  founded  on  extended 
comparative  researches  into  the  equivalent  phenomena 
met  with  in  other  organisms  ;  and  the  invertebrata,  as 
well  as  plants,  are  practically  ignored. 

A  tacit  assumption  apparently  runs  through  the  book, 
that,  notwithstanding  his  expression  "  pathological  physi- 
ology," we  must  seek  the  typical  "  diseased  vital  processes  " 
studied  in  general  pathology,  not  as  we  have  sought  the 
typical  physiological  ones,  comparatively  in  all  organisms 
in  general  biology,  but  in  a  certain  subordination  to  the 
almost  traditional  pathology  of  man.  In  this  position  he 
is  again  somewhat  inconsequent.  True,  he  refers  briefly 
to  unicellulars,  and  to  their  possession  of  faculties  of 
movement,  of  formative  changes,  as  in  cell-division,  and  of 
nutritive  exchanges  ;  and  he  shows  some  of  the  contrasts 
between  them  and  the  more  complex  multicellulars, 
especially  mammalia  and  man,  in  regard  to  their  more 
specifically  endowed  structures  and  functions  :  but  he 
does  not  here  take  note  of  the  fact  that  the  cells  of  the 
multicellular  organisms  are  elementary  organisms,  and 
that  in  them  also,  often  even  in  their  more  complex  and 
specifically  endowed  parts,  they  functionate  much  as  do 
unicellulars  in  their  essential  and  fundamental  faculties 
of  nutrition,  growth,  movement,  and  multiplication  by 
proliferation  or  division. 

Thus,  although  he  calls  Virchow  "  Meister,"  and 
dedicates  to  him  this  edition,  he  fails  to  adopt  his  views 
in  regard  to  the  cell,  and  its  significance  in  pathology,  and 
is  again  in  this  respect  inconsequent. 

His  mental  attitude  in  this  regard  is  displayed  in  his 
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grouping  of  the  questions,  or  the  phenomena  to  be 
discussed  in  general  pathology,  as  well  as  in  the  area  of 
the  field  which  he  surveys.  He  does  not  subdivide  the 
phenomena  to  be  studied  in  "  all  directions "  into  those 
which  are  common  to  all  living  things  and  those  met  with 
only  in  some,  nor  indeed  give  any  appreciable  attention  to 
the  former  ;  but  mostly,  almost  solely,  makes  a  study  of 
the  latter  only. 

A  glance  at  his  table  of  contents,  and  at  the  sections 
into  which  he  divides  his  General  Pathology^  shows  that, 
after  a  general  survey  of  the  causes  of  diseases  and  of 
the  modes  by  which  they  are  spread,  chiefly  within  an 
organism,  he  deals  with  the  defensive  faculties,  such  as 
repair  and  immunity,  in  man  ;  then  with  the  circulatory 
and  the  lymphatic  disorders  ;  then  with  the  regressive 
phenomena  of  degeneration  and  infiltration  ;  then  with 
hypertrophy  and  regeneration,  transplantation  and  meta- 
plasia of  tissues  ;  then  with  inflammation,  acute  and 
chronic,  including  herein  its  factors,  as  a  complex 
process,  containing  regressive,  proliferative,  and  vascular 
changes  ;  then  with  new  growths  thought  of  as  autono- 
mous productions,  of  which  the  etiology  is  not  given 
or  known,  but  (he  insists)  as  not  infective  or  of  para- 
sitic origin  ;  then  with  the  malformations  thought  of  as 
disorders  of  development,  in  the  main  of  unknown 
etiology  ;  and  then  with  a  somewhat  irregularly  placed 
special  consideration  of  some  parasitic  agents  or  causes  of 
diseased  phenomena,  as  bacteria,  blastomycetes  and  various 
animal  parasitic  organisms.  The  whole  volume  of  general 
pathology  thus  rests  upon  divisions  of  the  questions  to  be 
studied,  which  are  traditional  in  human  pathology,  and 
not  upon  those  which  are  or  have  been  raised  in  regard 
to  man  in  common  with  all  other  organisms. 

§  5.  But  the  question  I  seek  to  answer  in  this  essay  is 
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not  the  inflammation  idea  only  ;  it  is  also  the  general 
pathology  idea  ;  and  without  an  understanding  of  the 
latter,  in  respect  of  its  area  of  extension,  I  cannot  very 
well  deal  with  the  former  in  its  connection  with  general 
pathology.  There  can  be  no  question  that  all  organisms 
are  liable  to  casual  injuries  of  various  kinds  and  degrees, 
and  suffer  from  various  "  diseased  vital  processes  "  which, 
as  they  demand  a  study  in  "all  directions,"  must  all  be 
included  in  any  general  pathology,  properly  so  called. 
And,  as  the  tacit  assumption  which  Ziegler  makes  that  the 
pathological  phenomena  we  know  most  of  in  man  afford 
valid  types  of  all  such  "diseased  vital  processes  "  in  all  other 
organisms,  is  not  legitimate  ;  and,  as  also  his  assumption 
that  their  equivalents  in  the  vast  groups  of  lower  animals 
and  plants  can  be  excluded  from  view  without  loss  of  a 
true  conception  of  the  whole  series  of  events,  is  equally 
illegitimate, — I  am  justified  in  disputing  both  assumptions, 
and  in  asking  for  evidences  derived  from  all  organisms  as 
foundations  of  a  general  pathology. 

It  is  possible,  even  probable,  that  in  the  whole  series  of 
events  there  may  be  some  of  the  "  diseased  vital  pro- 
cesses "  which  are  limited  only  to  some  organisms,  or 
parts  of  them,  or  are  limited  by  certain  conditions  ;  but 
this,  if  so,  demands  proofs,  and  it  may  not  be  assumed 
to  be  in  particular  cases  without  evidence,  and  still  less 
can  it  be  used  as  a  type.  This  exclusive  position,  without 
proof,  even  without  inquiry,  so  far  as  this  book  is  con- 
cerned, is  just  what  Ziegler  has  taken  in  regard  to  in- 
flammation— a  pathological  process,  or  series  of  abnormal 
phenomena,  which  is  universally  allowed  to  be  one  of 
the  most  important  in  a  general  pathology.  He  restricts 
his  conception  of  it  to  a  group  of  events  which  can  only 
appear  in  some  parts  of  some  living  organisms  ;  he 
separates  it  much  from  repair  and  regeneration,  without 
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showing  intelligibly"  their  real  connections  of  interde- 
pendence, from  degenerations  or  regressive  changes,  from 
many  progressive  events,  and  from  new  growths  and 
malformations  in  an  equal  degree,  and  with  as  little 
adequate  attention  to  their  real  and  mutual  relations  in 
the  affected  organism. 

In  this  way  general  pathology,  as  he  teaches  it,  is  a 
narrow  and  very  limited  study  as  to  its  area  ;  and  in- 
flammation is  a  much  restricted  idea,  not  met  with  in  all 
organisms,  and  not  manifested  even  in  the  whole  of  those 
in  the  area  which  he  includes  in  a  general  pathology,  as 
he  uses  the  expression. 

§  6.  To  each  of  these  positions  I  raise  objections,  and  in 
the  course  of  this  essay  shall  seek  to  justify  them,  show 
that  general  pathology  deals  necessarily  with  all  living 
organisms,  and  that  inflammation  has  very  wide  relations 
to  them  all,  I  have  dealt  with  E.  Ziegler  as  an  example 
only  of  most  systematic  writers  on  general  pathology  ;  and, 
without  here  dealing  with  others  similarly,  may  add  that, 
except  Virchow  and  Paget,  I  remember  none  who  do  not 
in  the  main  take  up  a  somewhat  similar  position. 

It  will  be  convenient,  is  perhaps  even  necessary,  here 
to  pursue  the  natural  order  in  which  the  phenomena  to 
be  investigated  are  met  with,  and  to  study  together,  and 
separately,  each  of  the  three  accepted  groups  of  facts,  in 
plants  and  in  animals,  with  the  view  of  showing,  as  clearly 
as  possible,  their  differences  and  their  resemblances,  and 
ultimately  their  co-ordinations,  if  any  there  be.  I  am  not 
without  hope  that  this  comparative  method  may  throw 
light  in  some  dark  places. 
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SECTION  II 

THE  QUESTIONS  ASKED,  STUDIED  IN  THEIR  ESSENTIAL  SUB- 
DIVISIONS, SO  AS  TO  SHOW  THE  MUTUAL  RELATIONS 
OF  THE  FACTORS  INVOLVED  IN  THE  THREE  GROUPS 
OF  ACCEPTED  FACTS,  AND  THEIR  MANIFESTATIONS,  IN 
PLANTS 

§  7.  If  we  consider  first  and  separately  plants,  it  can  be  said 
that  the  study  of  Repair  o£  massive  and  cryptic  injuries, 
and  of  the  growth  of  galls,  including  therewith  all  cecidia, 
presents  us  with  the  phenomena  to  be  investigated, 
relatively  more  easy  to  observe  and  to  deal  with  experi- 
mentally, than  does  the  study  of  Repair  of  a  simple 
traumatic  injury  and  of  typical  Inflammation^  or  of  Recovery 
after  it,  in  man  and  in  the  higher  animals.  Phytopatho- 
logists  have  availed  themselves  of  the  opportunities  so 
afforded  with  such  a  large  measure  of  success  as  to 
justify  a  hope  that  students  of  animal  pathology  may 
derive  assistance  by  connecting  the  two  studies  more 
closely  than  has  generally  been  done  hitherto.  Recovery 
after  inflammation,  or  its  equivalent  in  plants,  is  not  at 
present,  I  grant,  so  well  understood  as  it  is  in  higher 
animals,  or  as  is  the  repair  of  a  simple  or  traumatic  injury 
in  plants  or  in  animals. 

§  8.  In  the  study  of  gall-growth  and  of  cecidia  in  general 
in  plants,  it  has  been  found  somewhat  more  easy  than  it 
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is  in  animals  separately  to  consider  :  (i)  the  agents  of 
injury  ;  (2)  the  injury  ;  (3)  the  irritant,  or  the  agent 
of  irritation  ;  (4)  the  irritation  ;  (5)  the  responses 
to  irritation  ;  (6)  the  reparative  responses  to  a  massive 
injury  without  irritation  ;  (7)  the  etiology,  extrinsic 
and  intrinsic,  of  the  characteristic  responses  to  irrita- 
tion, and  of  those  to  a  simple  massive  injury  ;  (8)  the 
responding  faculties,  mechanisms,  and  the  characteristics 
of  each  order  of  response — i.e.  the  simple  reparative, 
and  the  damaging  or  inflammatory  ones  ;  (9)  Recovery 
after  the  responses  to  irritation,  as  compared  with  the 
Repair  of  simple  injuries,  and  its  etiology. 

I  urge  here,  although  it  is  not  generally  accepted  by 
pathologists,  that  the  responses  to  irritation  in  plants  are 
strictly  analogous  to  those  which  in  man  are  held  to 
represent  a  typical  inflammation  ;  yet  it  is  not  doubted 
by  them  that  the  reparative  responses  to  a  pure  trauma 
or  to  a  simple  injury  are  in  all  essentials  the  same  in 
both  kingdoms  of  nature.  So  that  we  find  in  the  process 
of  repair  the  same  terms  are  used  for  the  responses  in 
both  kingdoms  ;  and  it  is  generally  agreed  that,  as  in 
essentials  the  process  is  the  same,  so  the  responding 
mechanism  is  always  the  same  proliferating  living  cell 
in  animals,  as  in  plants  ;  at  least  this  is  so  accepted  in 
all  multicellulars  :  and  even  for  unicellulars  in  either 
kingdom  we  are  driven  to  conceive  of  a  structural  unit, 
somewhat  less  amenable  to  research,  but  which  also 
responds  by  a  proliferation,  during  a  simple  repair  of 
injuries  in  them,  and  it  cannot  be  absent  in  the  prolifera- 
tion of  the  cell,  the  higher  structural  unit,  or  the  element- 
ary organism,  in  the  multicellulars. 

It  may  be  said  that  the  nine  heads  given  above  collec- 
tively include  most,  I  think  all,  of  the  essential  points 
demanding  attention   in  the   study   of  the   behaviour   of 
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living  organisms  when  exposed  to  injurious  influences.  It 
is  very  significant  to  remember,  in  reference  to  the  main 
problems  at  issue,  that  plants  are  exceptionally  convenient 
for  this  study  in  all  the  nine  essential  heads  demanding 
attention,  and  of  these  I  give  here  some  examples. 

§  9.  (i)  The  agents  of  injury. — In  all  the  cases  given 
here  they  are  parasites,  very  often  an  insect.  Take  as 
an  example  Biorhiza  aptera,  plus  the  Teras  terminalis,  the 
life-history  of  which  organisms  has  been  so  successfully 
studied  that  an  intelligible  conception  can  be  formed  as  to 
their  interests,  the  methods  by  which  they  are  or  may  be 
forwarded,  and  the  relations  existing  between  them  and 
the  host  plant.  They  are  familiar  to  us  as  the  causes  of 
the  common  oak-apple.  It  is  not  intended  to  ignore  the 
fact  that  the  agent  of  injury  can  be,  and  often  is,  not 
parasitic  in  plants,  but  these  are  in  some  respects  less 
instructive,  and  for  the  moment  may  stand  over. 

(2)  The  injury. — In  this  case,  a  wound  across  the 
whole  axis  of  the  winter  bud  of  the  oak,  produced  by  the 
insect,  Biorhiza  aptera,  or  the  agent  of  the  injury,  into 
which  its  ova  are  deposited  ;  and  as  direct  passive 
consequences  thereof,  death  and  decay  of  the  wounded 
tissues  and  tissue  elements,  as  well  as  of  those  separated 
parts  functionally  dependent  upon  the  wounded  axis. 

There  are  at  first  no  obvious  vital  responses,  the 
nutritive  functions  of  the  plant  being  then  at  rest ;  but 
some  slow  and  slight  development  of  the  embryos  of  the 
Teras  terminalis  in  the  deposited  ova  can  then  be  observed. 
The  injury  exhibits  well  a  common  character  of  plant 
injuries,  viz.  a  sharper  line  of  demarcation  between  the 
injured  and  dead  tissue  elements,  and  the  uninjured  ones 
nearest  to  them,  than  is  usually  observed  in  animals  when 
similarly  injured. 

(3)  The  irritant. — The  agent  of  irritation,  or  that  sub- 
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stance  or  influence  which  directly  causes  irritation.  In 
the  oak-apple,  it,  the  irritant,  is  demonstrably  related  very 
intimately  to  the  developing  embryo  in  ovo^  and  appar- 
ently it  is  not  any  antecedent  substance  or  influence.  It 
is  found  to  be  concurrently  operative — that  is,  it  is 
persistent,  and  so  produces  irritation,  and  vital  responses 
appear  coincidently  with  the  escape  of  the  embryo  from 
the  egg,  or  it  may  possibly  be  a  very  brief  period  of 
time  earlier  ;  and  the  responses  are  also  coincident  or 
are  concurrent  with  the  commencement  of  normal  growth 
in  the  host  plant  tissues  near.  Presumably,  it  is  a 
material  substance,  in  this  case  secreted  by  or  separated 
from  the  parasitic  embryo,  and  persisting  in  action  during 
at  least  the  earlier  part  of  its  embryonic  growth  and 
development  only  ;  but  it  is  not  the  embryo  itself.  It 
is,  however,  possible  that  such  an  irritant  substance,  which 
has  been  at  times  spoken  of  as  a  virus,  may  have  been 
formed  in  the  parent,  and  may  then  have  been  contained 
within  the  egg  until  it  is  nearly  hatched  ;  but  it  is 
scarcely  possible  that  it  was  deposited  with  the  egg,  and 
placed  externally  to  it.  In  any  case,  the  irritant  substance 
or  influence  persists  in  action,  or  is  repeatedly  produced, 
for  some  time  after  the  egg  is  hatched,  and  it  is  in  its 
actions  concurrent  with  the  response ;  although  there 
is  no  distinct  indication,  response,  or  manifestation  of  its 
presence  before  the  hatching  of  the  ovum  begins. 

In  the  galls  common  on  willows,  caused  by  various 
species  of  Nematus,  the  irritant  is  separable  as  a  material 
substance  of  a  slimy  consistence  and  of  a  proteid  com- 
position. Beyerinck  has  shown  that  it  is  competent  to 
produce  or  determine  the  beginning  of  growth  of  the  galls, 
when  deposited  in  a  wound  without  an  egg,  although  in 
these  cases  the  gall  is  always  smaller  than  the  norm  ;  and 
I  have  observed  that  an  early  death  of  an  embryo  in  ovo 
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in  these  galls  determines  a  similar  arrest  of  growth  of  the 
gall,  such  as  is  also  met  with  in  numerous  other  galls  ; 
and  this  fact  strengthens  the  opinion  that  the  developing 
embryo  in  ovo  is,  if  only  indirectly,  a  contributing  factor, 
in  these  galls,  in  the  production  of  the  irritant,  and  so  of 
the  responses  it  sets  up. 

In  both  the  above  examples  the  wound  is  an  essential 
condition  of  the  resulting  responses,  but  it  is  not  itself  the 
irritant  in  either.  The  fact  that,  in  the  oak-apple,  months 
pass  over  after  the  wound  is  made,  and  the  deposition  of 
the  ova  therein,  before  the  characteristic  vital  proliferating 
responses  begin,  is  explained  adequately  by  the  concurrent 
seasonal  suspension  of  nutrition  and  growth  in  the  plant, 
and  not  alone  by  the  inactivity  of  the  irritant  then  and 
there  ;  while  the  prompt  commencement  of  gall-growth  in 
the  Nematus  galls  after  the  wound  is  to  be  imputed  to 
the  coincident  activity  of  normal  nutrition  and  growth  in 
the  leaves,  and  of  the  acting  irritant  substance.  Thus  in 
both  cases  extrinsic  and  intrinsic  influences  are  operative, 
concurrently,  in  producing  the  irritant  and  the  vital 
responses. 

The  irritant  substance  observable  in  the  Nematus  galls 
may  be,  as  Beyerinck  suggests,  a  sort  of  growth-enzyme, 
or  at  least  may  contain  one  ;  but  I  have  observed  that  it 
presents  some  quantitative  relations  to  the  mass  of  the  gall, 
and  I  think  it  may  act  chemically,  at  least  in  part.  It 
may  be  regarded  as  a  provision  in  advance  of  the  hatching 
of  the  eggs,  fitted  for  the  needs  of  the  parasite,  which 
demands  very  soon  after  the  embryo  escapes  a  large 
mass  of  food-material,  seeing  that  it  very  early  becomes 
a  'coarse  and  voracious  feeder,  which  consumes  much 
more  material  than  it  excites  the  growth  of.  The  embryo 
in  ovo  in  these  galls,  however,  seems  itself  to  exert  some 
irritant  influence,  acting  through  the  shell  of  the  ^gg^  and 
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thus  co-operating  with  the  separate  irritant  substance  in 
producing  the  gall-growth.  The  irritant  substance  seen 
in  these  Nematus  galls,  unlike  that  which,  as  above  said, 
is  active  in  producing  the  oak-apple,  is  without  doubt  a 
product  of  the  secretory  activity  of  the  parent  parasite, 
and  it  is  in  this  respect,  I  think,  somewhat  exceptional. 

The  fact  that  all  the  cynipidous  galls  are  produced,  so 
far  as  is  yet  known,  without  such  a  provision  of  an  irritant 
substance  in  advance,  and  that,  as  their  larvae  are  very 
dainty  feeders,  and  are  not  constructed  for  an  early  and 
free  consumption  of  formed  tissue,  they  are  in  no  need 
of  it,  goes  far  to  establish  or  at  least  strengthen  the  view 
that  the  deposition  of  the  irritant  substance  with  the  egg 
is  a  special  adaptation  required  for  the  parasite  of  the 
Nematus  galls. 

But  a  wound  of  tissue  is  not  essential  in  gall-produc- 
tion, and  it  is  not  constant  in  all,  however  important  it 
may  be  as  a  condition  precedent  in  some,  to  enable  the 
irritant  substance  or  influence  to  come  within  a  striking 
distance  of  the  responding  tissue  units,  which  must  always 
be  susceptible  to  the  irritant  action. 

Note,  for  example,  the  numerous  galls  induced  by 
parasitic  fungi,  e.g.  the  well-known  gall  on  the  alpine 
rose  and  its  allies,  the  common  currant-gall  on  oak  leaves, 
yielding  the  S>pathegaster  haccarum^  the  Bedeguar  on  the 
wild  rose,  and  many  others,  which  begin  upon  tissues  the 
cells  of  which  are  at  the  beginning  unwounded,  so  far 
as  observation  goes.  The  abnormally  large  and  modified 
growths  of  hairs,  known  as  erineums,  due  to  the  irritant 
actions  of  Phytopti,  are  in  this  respect  also  instructive, 
as  they  present  no  discoverable  wound  ;  but  it  is  as  yet 
uncertain  whether  the  irritant,  in  these  cases,  is  mechanical, 
physical,  chemical,  or  fermentative  ;  while  it  seems  estab- 
lished   that   in    some   way   the   living   Phytopti    are    the 
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bearers  or  producers  of  the  irritant,  probably  at  an  early 
period  of  their  life-history  only  ;  and  the  actual  irritant 
substance  is  not  in  these  cases  separable  from  the  parasite 
in  which  it  in  some  way  inheres.  The  irritant,  then, 
although  it  often  cannot  be  distinctly  separated  from  the 
parasitic  agent  of  irritation  in  which  it  inheres,  may  be 
regarded  as  either  a  chemically  active  substance,  or  an 
enzyme,  or  a  physical  agent,  such  as  heat,  or  a  motion 
of  some  mode.  It  subserves  in  its  effects  the  needs  of 
the  parasite,  and  it  perturbs  but  does  not  kill  the  cells  or 
structural  units  of  the  host. 

§  lo.  (4)  The  irritation. — This  is  only  an  inference  ; 
but  it  rests  firmly  upon  facts.  Thus,  it  is  shown  that  in 
the  presence  of  the  irritant,  and  in  a  definite  relation  to 
it,  the  living  cells  nearest  proliferate  even  in  excess  and 
disorder,  so  as  to  damage  the  host  organism,  yet  so  as 
to  be  adapted  in  the  result  to  the  necessities  of  the 
parasite  ;  and  as  such  cell-proliferations  are  measured  in 
space  and  time  by  the  activities  of  the  irritant,  the 
inference  is  justified  that  it  determines  them.  Although 
no  definitely  observed  changes  have  been  as  yet 
demonstrated  in  the  living  substance  of  the  cells  which 
then  so  proliferate,  of  a  kind  which  can  be  imputed  to 
the  direct  action  of  the  irritant  upon  the  living  cell- 
substance,  yet  is  some  change  in  it,  although  as  yet  it  is 
cryptic,  a  necessity  of  thought,  as  a  condition  precedent 
of  the  characteristic  responses  and  cell-proliferations  met 
with,  bearing  in  mind  the  specific  relations  of  the 
products  to  the  parasitic  organism.  Such  a  cryptic 
change  of  the  living  substance  of  a  cell,  which  injuriously 
modifies,  but  does  not  arrest,  and  often  increases,  its  local 
vigour  of  growth  and  proliferation,  is  what  I  understand 
here  by  the  term  Irritation. 

The  word  irritation  is,  however,  so  used  in  a  technical 
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sense,  one  which  has  been  much  employed  by  many 
pathologists  ;  but  it  differs  somewhat  in  its  meaning  from 
that  in  which  physiologists  often  use  it. 

It  is  a  much  more  speculative  question  to  approach 
when  it  is  asked  what  hypothesis  can  be  offered  to 
explain  the  nature  and  characters  of  such  a  cryptic 
change  in  the  living  substance  of  the  cell,  the  respond- 
ing thing.  I  can  on  this  point  but  suggest  that  it  may 
be  some  mode  of  molecular  change,  of  which  the  result 
is  seen  in  a  disordered  local  hyperplasia,  with  an  ab- 
normal and  specific  metaplasia.  One  is  not  without  hope 
that  the  more  minute  study  of  the  structure  of  the 
cell,  considered  as  an  elementary  organism,  which  at  this 
time  is  zealously  pursued  in  the  researches  into  mitosis 
and  otherwise,  may  eventuate  in  clearing  up  some  of 
the  obscurity  which  now  surrounds  this  question  ;  but 
although  it  is  not  unlikely  that  some  changes  antecedent 
to  an  abnormal  cell-division  may  be  traceable  in  the 
structure  of  a  cell,  which  do  not  evade  observation  by 
their  minuteness,  such  as  the  parts  of  the  nucleus  or  of 
the  cytoplasm  which  can  be  seen  to  proliferate,  sometimes, 
perhaps,  during  the  period  of  irritation  here  thought  of,  it 
is  scarcely  to  be  expected  that  the  more  profound  changes 
of  the  constitution  of  the  living  substances  of  the  cell 
which  are  associated  with  a  proliferation  of  physiological 
units  or  of  their  near  equivalents  will  ever  be  amenable 
to  direct  observation  ;  and,  if  this  be  so,  the  state  spoken 
of  as  irritation  will  remain  cryptic.  The  cryptic  change, 
or  irritation  of  the  living  cell-substance,  may  be  mani- 
fested only  by  the  structural  unit  or  cell-proliferations, 
that  is,  by  the  vital  reponses  thereto. 

It  may  be  present  either  with  or  without  a  breach  of 
continuity  of  the  tissues  near,  or  of  the  cell  itself  ;  and  it 
is  then,  in  the  latter  case,  recognisable  only  by  the  near 
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resemblances  of  such  responses  to  those  pure  repair 
reactions  which  so  constantly  attend  a  simple  trauma  ;  yet 
always  also  with  such  characteristic  differences  as  con- 
stantly attend  the  repair  of  a  trauma,  where  it  is  attended 
by  irritants  in  action,  which  are  often  parasites,  or  are 
related  to  them.  So  that,  even  when  no  irritant  can 
be  demonstrated,  the  characteristics  of  the  responses  may 
still  suffice  to  prove  that  irritation  is  or  was  present. 

In  plant  galls  there  is  evidence  enough  to  show  that 
irritants  in  action  determine  the  cells  of  the  part  to  pro- 
liferate in  local  excess,  and  in  an  order  of  arrangement 
always  more  or  less  damaging  to  the  host  plant,  though 
always  presenting  a  relation  of  fitness  to  the  irritant,  either 
with  or  without  any  discoverable  breach  of  continuity 
of  the  cells  or  of  the  tissues.  In  animals,  such  cell- 
proliferative  manifestations  of  irritation  are  less  generally 
accepted  ;  and  at  least  in  the  higher  forms  of  animals, 
the  circulatory  ones  are  more  universally  granted. 
The  manifestations  of  irritation,  that  is,  of  the  cryptic 
changes  in  the  living  substance  of  the  responding  cells, 
are  thus  thought  of  as  indicating  a  stimulation  of  their 
evolved  normal  functions,  of  nutrition,  growth  and 
proliferation,  and  as  demanding  always  an  adequate 
supply  of  growth-materials,  with  the  other  requisite 
conditions  of  life  ;  but  such  stimulated  or  increased 
growth  is  always  misdirected  in  a  definite  mode, 
determined  by  the  irritant  in  action,  which  mode  is  open 
to  observation,  and  it  has  been  studied,  I  think,  best 
in  plant  galls. 

These  manifestations  of  irritation  thus  include  the 
conception  of  a  stimulation  of  some  of  the  normal 
faculties  of  cells  or  their  components,  especially  of  their 
formative  faculties  ;  and  in  this  sense  no  account  is 
taken  of  any  metaplasia  or  damaging  changes  in  the  said 
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manifestations,  which  are,  however,  also  present.  In 
perfect  harmony  with  this  view,  it  is  found  that  the 
irritation,  or  cryptic  change,  in  the  living  cell-substance, 
which  misdirects  the  cell-proliferations,  and  is  manifested 
thereby,  is  a  minimum  one,  which  leaves  the  proliferative 
powers  still  able  to  functionate  even  vigorously.  It  is 
th.us  economical,  and  as  far  as  is  consistent  with  the 
purposes  of  such  change,  in  the  interests  of  the  irritant 
cause,  it  does  not  needlessly  injure  the  host  organism. 
It  is  essential  to  the  idea  of  such  irritation,  that  the  cell 
irritated,  and  responding,  must  not  be  killed  by  it,  how- 
ever much  it  is  modified. 

Thus,  for  example,  we  find  the  tissues  of  a  living,  grow- 
ing gall  can  and  do  repair  some  minor  traumatic  injuries, 
both  normal  and  casual  ;  and  also  they  respond  to  other 
and  different  irritations  in  new  directions  determined  by 
the  different  irritants,  and  for  their  benefit  ;  and  in  various 
ways  they  often  exhibit  in  their  life-histories  how  economi- 
cal and  yet  also  profound  is  the  change  which  had  been 
determined  in  the  constitution  of  the  living  cell-substance 
by  the  original  irritation,  by  which  its  vigour  of  growth, 
though  manifested  in  new  modes,  was  left  not  destroyed, 
and  apparently  not  diminished  ;  indeed,  often  it  seems 
locally  increased,  even  if  only  for  a  short  time.  As  an 
example  may  be  taken  the  common  willow-gall  on  Salix 
alba,  due  to  Nematus  caprea^  slight  casual  wounds  of 
which  often  heal  more  or  less  perfectly  ;  and  it,  like  most, 
I  think  all,  other  growing  galls,  also  repairs  the  normal 
wounds  due  to  the  expansions  of  growth,  just  as  do 
normal  tissues,  even  if  the  new  tissue  differs  somewhat, 
but  yet  it  is  efficient. 

As  an  example  of  the  effects  of  an  interfering  new 
irritant,  one  may  take  the  results  of  the  attacks  of 
lodgers  or  inquilines,  as  they  are  called,  usually  species 
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of  a  Synergus,  as  may  be  seen  very  well  in  the  common 
currant-gall  of  the  oak  leaf,  which  yields  the  Spathegaster 
baccaruMy  or  perhaps  better  still  in  the  globular  galls  on 
the  wild  rose  leaves,  which  yield  the  Rhodites  eglanteria. 
The  original  gall-producer  larva  is  in  each  such  case  killed 
very  early  in  its  life  by  the  Synergi,  which  afterwards 
irritate  the  internal  tissues  of  the  gall  in  a  different  mode, 
and  induce  a  different  response  or  cell-proliferation,  so 
that  new  galls  within  a  gall  result  ;  and  these  new  galls 
show,  in  their  structures  and  faculties,  relations  of  fitness 
and  adaptations  to  the  Synergi,  and  are  alike  indifferent 
or  damaging  to  the  interests  of  the  original  gall-producer, 
or  to  the  host  plant.  The  Spathegaster  baccarum  galls  so 
changed  by  the  Synergi  have  a  very  different  structure  from 
that  of  the  original  gall,  and  maintain  life  and  active  growth 
for  more  than  twice  the  period  usual  with  a  similar  gall 
not  so  changed,  yet  always  so  as  to  benefit  the  invading 
Synergus,  whatever  may  befall  the  original  gaU-producer, 
and  always  so  as  to  damage  the  host  plant,  if  only  it  may 
be  to  a  minimum  extent. 

The  globular  rose-leaf  galls  yielding  the  Rhodites  eglan- 
teria  in  some  ways  are  still  better  examples  in  which  one 
may  study  the  process  of  the  production  of  new  galls 
within  the  original  one.  The  Synergi  kill  the  gall- 
producer  very  early,  and  as  entomophagous  parasites 
consume  its  substance  ;  they  then  become  phytophagous, 
consume  as  much  of  the  food-layer  of  the  gall  present 
as  is  for  them  appropriate,  disperse  somewhat  in  the  so 
enlarged  chamber,  and  then  begin  to  act  as  local  irritants, 
excite  a  new,  locally  excessive,  and  specific  cell-prolifera- 
tion of  the  inner  face  of  the  chamber,  by  which  they  are 
each  separately  encapsuled,  and  within  which  capsules 
they  each  feed  and  develop,  having  produced  responses 
which  adapt  the  new  gall  to  their  own  wants,  so  that  it 
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presents  relations  of  fitness  to  them.  The  responses  so 
evoked  are  manifestations  of  the  changes  of  irritation 
which  each  free  and  young  larva  of  a  Synergus  deter- 
mines ;  which  changes,  although  cryptic,  may  well  be 
accepted  as  themselves  not  less  specific  to  the  Synergus, 
than  are  the  cell-proliferations  by  which  they  are  mani- 
fested. The  series  of  events  presented  to  us  in  the 
growth  of  these  new  Synergus-produced  galls  are  all 
very  much  determined  by  the  young  distributed  larvae 
after  they  are  hatched  and  when  they  live  a  free  life  ; 
they  are  not,  at  least  in  the  later  stages,  due  to  the  ova 
or  unhatched  embryos,  or  to  a  virus  deposited  by  the 
parent  Synergus  ;  and  the  primary  gall-producer  has  long 
been  dead. 

Certainly  many,  probably  all,  cecidia  in  plants  show 
that  the  tissue  units  which  respond  to  irritation,  although 
economically,  are  yet  very  profoundly  modified,  but  retain 
also,  sometimes  in  a  very  high  degree,  proliferative 
faculties,  such  as  may  sometimes  enable  them  even  to 
revert  in  the  direction  of  a  norm,  if  not  to  reach  it,  as  well 
as  to  react  to  a  diflrerent  irritant  in  the  direction  which  it 
demands.  One  example  of  this  is  seen  in  the  common 
nut-gall  of  the  oak,  due  to  the  Cynips  kollari^  which 
begins  in  the  axil  of  a  very  young  bud,  and  the  unwounded 
cells  of  which,  in  contact  with  the  unhatched  ^^^-^  with 
its  contained  developing  embryo,  grow  into  a  specific 
gall  the  season  before  that  in  which  they  would  develop 
if  not  so  irritated.  Such  a  proleptic  growth  is  not  un- 
common as  a  consequence  of  irritation. 

Another  even  better  example  of  the  profundity  of  the 
changes  produced  in  the  living  substance  of  the  tissue 
units  by  the  irritants,  is  seen  in  those  numerous  galls 
which  have  a  life-period  longer  than  that  of  the  plant- 
organ  from  the  tissue  units  of  which  they  spring  :  as  in 
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the  common  larger  vein-gall  of  the  oak  leaf,  which  yields 
the  Dryophanta  folii,  and  the  oak-leaf  spangles  especially, 
which  yield  species  of  Neuroterus.  In  these  cases  such 
increased  duration  of  life  of  the  gall-tissues  serves  the 
interests  of  the  gall-producer,  and  in  no  way  those  of 
the  host  plant  ;  but  they  indicate  very  well  the  pro- 
fundity of  the  irritation. 

Still  another  excellent  example  is  seen  in  the  various 
galls  in  the  anthers  of  oak  catkins,  which  yield  species 
of  Andricus.  When  not  the  seat  of  these  specific  irrita- 
tions, the  anthers  and  the  whole  catkin  wither  and  fall 
early  ;  but  when  the  galls  grow  in  them  the  anthers,  as 
modified,  live  much  longer,  and  the  rachis  which  bears 
them  simultaneously  lives  and  grows  to  abnormally  large 
dimensions.  Here  again,  all  the  responses  are  advan- 
tageous, or  even  necessary,  to  the  irritant  which  induces 
them,  and  are  only  in  a  minimum  degree  harmful  to 
the  host  plant.  However,  in  this  case  only  the  anther 
gall  itself  is  to  be  regarded  as  directly  due  to  the  specific 
irritation  of  the  cells  ;  while  the  hypertrophy  of  the  rachis 
is  to  be  thought  of  as  due  to  the  intrinsic  relations  of 
dependence  of  the  host  tissues,  normal  and  abnormal, 
upon  each  other,  and  so  is  only  indirectly  due  to  the 
irritation. 

There  is  also  an  instructive  group  of  examples  which 
shows  another  side  of  the  picture.  Thus,  in  the  currant- 
gall  on  oak  leaves  yielding  Spathegaster  baccarum,  the  gall 
ceases  to  grow  in  size  early  in  the  development  of  the 
gall-producer,  is  apparently  quiescent  while  this  is  in 
the  pupa  stage,  and  soon  after  the  imago  escapes  by 
gnawing  out  a  passage,  the  gall  withers  and  dies 
promptly,  while  the  leaf  which  bears  it  has  yet  some 
long  time  of  vegetative  activity  before  it.  As  has  been 
noted,  this  series  of  events  is  changed  when  these  galls 
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are  attacked  by  Synergi,  for  then  the  Synergi-infested 
galls  live  as  long  as  do  the  leaves.  In  each  case,  the 
interests  and  necessities  of  the  gall-producer,  or  of  the 
inquiline  Synergus,  determine  the  characters  and  duration 
in  life  of  the  gall-tissues  produced,  or  those  in  which  the 
irritation  is  manifested. 

Quite  comparable  events  are  traceable  in  the  oak- 
apple  ;  and  in  all  the  cases  of  this  order  the  host  plant  is 
damaged  so  much  as,  and  no  more  than,  the  interests  of 
the  parasite  demand,  the  irritation  being  thus  economical. 

The  profundity  of  the  cryptic  change,  i.e.  of  the 
irritation  in  the  living  cell-substance,  is  seen  also  in  the 
marked  specific  characters  and  relations  of  the  galls 
produced  in  each  case  to  the  irritant,  or  to  the  parasite 
in  which  it  inheres,  and  which  produced  it. 

Thus,  the  common  spangles  on  oak  leaves  may  be 
found  of  three  or  even  four  species  on  the  same  leaf  at 
the  same  time,  springing  from  the  same  procambial  tissues 
of  the  small  veins,  in  a  wound  of  which  different  species 
of  Spathegaster  have  laid  an  G^ggt  each  producing  a 
gall  specific  to  it,  from  each  of  which  comes  a  different 
species  of  Neuroterus,  to  which  the  gall-structure  pro- 
duced shows  relations  of  fitness,  or  is  adapted  to  it 
throughout  its  whole  life-period  ;  showing  thus  that  the 
specific  qualities  and  characters  of  the  gall  depend  upon 
the  specific  irritations  produced  by  the  irritant,  and  not 
so  much  upon  the  intrinsic  attributes  of  the  tissues 
affected,  however  essential  these  must  be  as  factors  in 
the  process  of  gall-production. 

Such  a  specific  relation  between  the  irritant  and  the 
responses  which  follow  irritation  is  constant  in  other 
plant  galls  and  cecidia,  although  not  commonly  quite  so 
well  shown  as  it  is  in  the  spangles. 

The  intrinsic  faculties  of   the   tissues   and   their   units 
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subjected  to  irritation  do,  however,  in  some  important, 
but  in  a  less  obvious,  degree  influence  the  characters  of 
the  responses  thereto  ;  yet  not  so  as  to  obscure  the 
specific  characters,  for  these  are  mainly  determined  by  the 
extrinsic  cause  or  irritant.  This  truth  is  shown  very  well 
in  the  cases,  sometimes  met  with,  in  which  the  egg  has 
been  accidentally  misplaced  by  the  parasitic  parent  ;  as 
when  the  currant-gall  of  the  oak  leaf  grows  upon  a 
petiole,  or  on  the  rachis  of  a  catkin,  instead  of,  as  is 
usual,  upon  the  lamina  of  a  leaf.  Then,  it  exhibits 
distinct  though  slight  corresponding  differences  of  texture, 
always  distinctly  recognisable,  and  always  so  related  to 
the  gall-producer  in  structure  and  in  faculties  as  to  show 
relations  of  fitness  to  it. 

Even  more  clearly  the  same  lesson  is  taught  by  the 
occasionally  misplaced  galls  yielding  Andricus  curuator, 
especially  when  they  are  met  with  upon  very  young  axes, 
which  then  often  become  distorted,  and  may  so  remain 
for  many  years,  apparently  living  and  well,  but  as  deformed 
organs,  or  axes. 

The  Nematus  galls  on  willow  leaves  are  good  examples 
both  of  the  profundity  of  the  change  in  the  living  cell- 
substance,  the  irritation,  and  of  the  economy  of  such 
change,  by  which  the  proliferative  and  reparative  attributes 
are  so  conserved  that  the  tissues  of  these  galls  can  and  do 
repair  some  normal  and  casual  external  injuries,  and  can 
even  approach  towards  a  reversion  to  the  norm.  Thus, 
the  common  oblong  galls  found  on  leaves  of  Salix  alba^ 
due  to  Nematus  caprece^  if  not  so  much  eaten  out  by  the 
larva  as  to  be  incapable  of  maintaining  life,  and  if  not  so 
immature  as  to  possess  too  small  a  store  of  growth- 
materials,  and  are  not  dwarfs,  live  and  functionate,  in 
some  of  these  essentials,  even  long  after  the  larva  has 
escaped,  either  when  on  still  attached  leaves,  on  naturally 


SECTION    II  :    IN   PLANTS  25 

fallen  ones,  or  on  quite  small  portions  of  leaves  experi- 
mentally separated,  when  cultivated  on  damp  sand  ;  and 
they  can  then  both  grow  some  little  in  size,  and  exhibit 
some  slight  regenerative  activity  of  the  gall-tissues,  as 
such,  long  after  the  leaf  has  decayed. 

Such  vital  actions  or  responses  are  very  autonomous  ; 
they  are  products  of  regenerative  proliferations,  but  are 
apparently  never  quite  like  those  of  a  normal  leaf-tissue  ; 
and  obviously  they  are  not  related  to  the  gall-producer  in 
any  direct  manner,  or  to  the  irritant  substance  which  had 
been  deposited  in  the  wound  with  the  egg,  for  by  this 
time  it  must  have  ceased  to  be,  or  to  the  host  plant,  and 
they  can  only  be  imputed  to  the  persistence,  by  a  sort  of 
inertia  of  motion,  of  the  profound  cryptic  change  or 
irritation  which  had  been  determined  in  the  living  cell- 
substance  by  and  for  the  irritant  ;  and  this  idea  may  help 
to  explain  the  fact  that  the  tissues  so  regenerated  seem 
to  resemble  in  essentials  the  gall-tissues,  rather  than  the 
normal  leaf-tissues  ;  so  that  the  result  is  not  a  true 
reversion. 

Such  detached  galls  seem  to  resist  decay  much  more 
than  do  the  leaves,  and  even  more  than  do  equal  masses 
of  an  axis  of  the  same  plant  under  like  conditions. 

These  galls  so  cultivated  seem  also  to  increase  a  little 
their  chlorophyll,  and  to  enlarge  somewhat  in  dimensions  ; 
but  they  are  not  known  to  produce  roots  or  buds. 

Such  vital  actions  cannot  be  regarded  as  true  or  direct 
responses  to  irritation,  but  rather  as  waning,  almost 
regressive  movements,  comparable  rather  with  those  of  a 
detached  segment  of  cytoplasm  from  an  amoeba.  They 
are  still,  as  to  their  direction,  influenced  somewhat  by  the 
intrinsic  attributes  of  the  part,  and  also  somewhat,  though 
indirectly,  by  the  specific  characters  of  the  irritation  ;  but 
they  are  no  longer  needed  by  the  irritant  agent,  and  do 
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not  any  longer  serve  it  or  confer  any  benefit  on  the  host 
plant.  They  are  indications  only  that  the  tissues  and 
their  units  are  not  yet  dead,  though  dying,  and  that  the 
irritation  had  economically  spared  their  nutritive  and 
regenerative  faculties,  and  perhaps  had  even  somewhat 
increased  them  locally — an  opinion  which,  if  somewhat 
difficult  of  acceptance,  is  I  think  tenable. 

They  attest  the  economy  of  the  change  in  the  irritation, 
and  also  the  tenacity  of  the  intrinsic  normal  reparative 
faculties. 

Another  of  these  Nematus  galls,  easily  known  by  its 
spherical  form  and  lenticellate  surface,  formed  on  the 
under  face  of  the  leaves  of  Salix  purpurea^  and  caused  by 
Nematus  viminalis^  illustrates  better  still,  in  some  respects, 
both  these  features  of  the  profundity  and  the  economy 
of  the  irritation  changes  in  the  cell-substance,  as  well  as 
the  autonomy  of  growth  of  the  gall,  and  the  specific 
characters  of  its  structures,  adapted  originally  to  the 
parasite,  and  yet  due  to  the  initial  cryptic  changes  in  the 
constitution  of  the  cell,  called  here  irritation. 

When  cultivated  on  small  segments  of  leaves,  or  even 
as  detached  galls,  they  exhibit  the  economy  of  the  changes 
in  the  cell-substance  due  to  the  irritation,  by  the  vigour 
of  their  regenerative  activities,  and  particularly  by  the 
length  of  time  these  endure.  Excepting  those  of  the 
galls  which  have  been  too  freely  eaten  out  by  the  gall- 
producer  larva,  and  the  immature  young  ones,  and  the 
abnormal  dwarfs,  many  of  them,  under  suitable  con- 
ditions of  cultivation,  live  and  grow  for  periods  of  time 
much  longer  than  do  the  organs  of  the  plant  which  bear 
them,  and  even  than  do  portions  of  an  axis  of  the  same 
plant  of  similar  dimensions  under  like  conditions.  I  have 
found  some  of  them  thus  live  for  two  winters  and  one 
summer  after  maturity.     During  this  time,  they  seem  to 
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increase  somewhat  in  size  and  in  greenness  of  colour,  but 
they  present  rather  less  distinct  evidence  of  a  repair  of 
casual  external  wounds,  than  do  the  oblong  galls  of  Salix 
alba. 

Often,  however,  as  Beyerinck  first  observed,  they  emit 
rootlets  of  a  perfectly  normal  structure,  which  may 
functionate  freely,  at  least  for  a  time  ;  but  as  yet  no  one 
has  observed  buds  and  shoots  arise  from  them. 

This  long-enduring  autonomous  life  of  the  gall  after  it 
is  separated  from  the  plant,  and  after  all  similar  masses  of 
the  plant  have  decayed,  is  as  entirely  without  any  direct 
relation  of  fitness  to  the  gall-producer  as  it  is  to  the  host 
plant.  It  benefits  neither,  and  it  is  met  with  in  galls 
from  which  the  larva  has  escaped,  or  in  those  which  still 
contain  a  living  one  (if  it  be  not  then  too  freely  consuming 
growth-materials),  in  galls  yet  attached  to  the  leaves  on 
the  branch,  or  on  fallen  leaves.  But  it  only  appears 
when  the  conditions  of  root-growth,  especially  warmth 
and  moisture,  are  supplied,  that  is,  under  good  cultivation 
conditions. 

The  vital  actions  thus  exhibited  must  be  imputed 
ultimately  to  the  evolved  intrinsic  reparative  attributes 
of  the  tissue  units  of  the  plant  ;  and  they  are  much 
more  closely  related  as  to  their  characters,  at  this  stage,  to 
the  host  plant,  than  to  the  irritant  substance,  which  in 
this  gall,  it  will  be  remembered,  as  in  the  oblong  galls  on 
Salix  alba^  is  separable  from  the  parasitic  agent  of  injury 
which  produced  it,  and  from  the  injury,  as  a  slimy  proteid 
mass,  virus,  or  enzyme  ;  but  which,  it  can  scarcely  be 
doubted,  is  at  this  stage  exhausted,  and  has  itself  thus  as 
little  to  do  directly  with  these  cell  and  tissue  proliferations 
as  has  the  escaped  larva. 

So  far,  the  cell-proliferations  seen  in  these  cases  are 
those    resembling    repair,   or    tissue    regenerations ;    they 
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seem  to  be  also  very  much  like  the  gall-tissue,  but  not 
the  leaf-tissues  ;    and  so,  etiologially,  they   are   complex. 
But  the  growth  of  rootlets  of  a  perfectly  normal  structure, 
and  functionally  competent,  for  a  time  at  least,  represents 
actions  of  a  very  different  kind,  more  akin  to  the  normal 
plant  attributes,  and  yet  not  quite  like  those  possessed  by 
the  part  of  the  plant  from  which  the  gall  grew  ;  for  the 
leaves  of  S.  purpurea  do  not  under  any  known  conditions 
emit  roots,  although  segments  of  their  axes,  if  of  consider- 
able   dimensions,  do    so    freely.     We    may  rightly  refer 
these  remarkable  vital  phenomena  also,  in  so  far  as  they 
are    abnormal,  indirectly  to    the   irritations  in  the  living 
cell-substance  produced  by  the  irritant,  and  persisting  in 
the    succession  of    cells  and  developed  gall-tissues,  by  a 
habit  of  growth,  or  an  inertia  of  motion,  for  an  exception- 
ally long  time  ;  and  directly  also  to  the  evolved  intrinsic 
reparative    faculties    of    the    host    plant    tissues,    which 
gradually  assert    themselves,   and    at    length    attempt   a 
reversion    to    the    norm,  yet    always    fail    to    effect    this 
efficiently,  so  that  the  etiology  is  complex,  and  the  response 
is  the  same.     The  tissue  proliferative  actions,  which  are 
in  their  results  more  like  gall-tissue  than  leaf-tissue,  show 
the  less  efficient  attempts  at  such  reversion,  and  are  in  part 
due  to  the  initial  irritation.     The  emission  of  roots,  which 
are  normal  in  structure  and  can  functionate  for  a  time, 
shows  a  rather  more  successful  attempt  to  revert ;  but  it 
too  fails  of  completeness,  in  that  no  buds  are  produced, 
and  so  the  organism  itself  is  not  ever  reproduced,  and  the 
result  is  not  viable. 

As  in  nature  many  of  these  galls  fall  to  the  ground 
with  the  leaves  in  the  autumn,  and  sometimes  emit  roots 
then,  while  yet  we  find  no  young  plants,  so  derived,  near 
the  old  trees,  it  is  clear  that  in  this  way  new  plants  are 
not   propagated.     The   suggestion   that  these  galls,  by  a 
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late  propagation  of  plants,  may  benefit  the  plant  species, 
and  thus  compensate  for  the  damage  done  during  the 
growth  of  the  gall,  is  therefore  unsupported.  In  fact, 
these  galls  do  very  little  actual  damage  to  the  plant,  or  to 
its  organs,  by  their  growth  on  the  leaves,  and  thus  they 
serve  the  purposes  of  the  parasite  economically,  or  with  a 
minimum  of  damage  to  the  host. 

As  in  the  other  Nematus  galls,  chlorophyll  is  produced 
in  them  freely,  and  also,  without  much  doubt,  starch  and 
other  materials  of  plant-growth  ;  the  economy  of  the 
change  by  the  irritation  in  the  protoplasmic  constitution 
of  the  cell  is  thus  again  made  very  apparent. 

The  specific  character  of  these  as  of  other  galls  as  a 
whole,  in  relation  to  the  primary  gall-producer,  is  suffi- 
ciently shown  in  their  adaptations,  in  their  relations  of 
fitness  to  it,  and  by  their  constancy  of  form  and  structure, 
as  well  as  by  their  life-histories  in  relation  to  the  species 
of  plant  and  its  allies,  or  to  the  gall-producing  Nematus. 

Their  autonomy  of  life,  growth,  and  development  is 
exhibited  very  well  by  and  in  these  relations  of  fitness  ; 
but  in  this  respect  they  are  not  exceptional,  when  com- 
pared with  many  other  galls.  It  is  in  their  remarkable 
tenacity  of  life,  and  in  the  length  of  the  period  during 
which  they  can  exhibit  attempts  to  repair  their  own 
tissues,  or  to  regenerate  tissues  and  organs,  and  to  revert 
towards  a  normal  structure,  that  they  are  exceptional,  and 
it  is  on  this  ground  mainly  that  I  dwell  on  them  here 
at  such  length. 

This  tenacity  or  autonomy  of  life  is  best  explained,  I 
think,  by  the  theory  of  habit  of  growth,  or  inertia  of 
movement,  before  mentioned,  which  is  in  harmony  with 
the  conception  that  the  evolved  proliferative  faculties  are 
intrinsic  to,  and  normal  in,  the  host  plant  or  its  tissue  units, 
the  cells  ;  but  later  are  modified,  at  least  temporarily,  by  the 
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irritation,  that  is,  by  the  cryptic  changes  in  the  protoplasmic 
or  cell  constitution.  These  cryptic  changes  themselves 
are  manifested  mainly  by  the  excessive  local  cell-pro- 
liferations, so  directed  as  to  be  fitly  related  to  the  gall- 
producer,  but  so  as  not  to  be  more  damaging  to  the  host 
tissues  than  is  absolutely  needful  for  the  parasite — being,  in 
short,  economical  changes.  But  the  peculiar  tenacity  of 
life  shown  by  this  gall-tissue  must  be  held  to  have  been 
in  some  way,  even  although  indirectly,  related  primarily 
to  the  gall-producer,  and  at  some  early  period  of  its  life 
beneficial  to  it  ;  for  the  degree  of  tenacity  observed 
exceeds  that  of  the  normal  plant-tissues.  (Surely  such 
autonomous  new  growths  are  within  the  category  usually 
called  tumours.) 

The  economy  of  these  irritations  in  the  cell-substance 
is  also  well  exhibited  in  the  result,  that  is,  in  the  gall 
as  a  whole  ;  and  it  is  especially  shown  in  the  persistence 
of  the  cell-proliferations,  and  of  the  regenerative  actions 
in  the  gall  throughout  the  whole  of  its  life.  For 
even  while  the  irritant  agent  lives  and  persists  some- 
what in  action,  and  also  after  the  irritant  has  ceased  to 
act  directly,  a  return  towards  a  norm  is  sometimes  seen, 
in  an  attempted  reversion  towards,  but  not  quite  to,  a 
norm  ;  as  in  the  production  of  roots,  and  in  the  retention 
of  some  share  of  the  evolved  reparative  faculties  of  the 
host  organism,  as  in  repair  of  wounds  in  the  gall  :  so  that 
in  all  these  initiative  changes  economy  thereof  is  exhibited. 

That  in  root-production  in  these  galls  the  reversion 
to  a  norm  is  not  complete,  and  does  not  reproduce  an 
organism,  is,  I  hold,  a  fact  which  may  be  accepted  ;  but  in 
theory  such  a  complete  reversion  is  to  be  regarded,  I 
think,  as  possible,  if  we  conceive  of  the  cell  as  a  potential 
organism.  That  these  galls  do  not  in  fact  completely 
revert  to  a  norm,  I  conceive  to  be  due  to  the  profundity 
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of  the  cryptic  changes  of  irritation  in  the  hving  cell-sub- 
stance, which  in  the  leaves  of  this  plant  does  not  normally 
possess  a  faculty  of  root-production,  or  of  bud-production. 

When,  in  other  cecidia,  especially  of  axes,  and  then  only 
or  mainly  at  their  periphery,  such  a  complete  reversion 
seems  to  occur,  and  buds  are  formed,  there  is  reason  to 
think  that  the  living  cell-substance  has  been  less  pro- 
foundly changed  or  irritated  ;  and  it  may  be  then  that 
there  has  been  no,  or  but  little,  enduring  or  repeating 
irritation. 

The  views  here  expressed  as  to  irritation  have  only 
a  hypothetical  value,  although  founded  upon  proven 
facts,  and  reached  by  a  legitimate  use  of  the  scientific 
imagination  ;  but,  seeing  that  between  the  irritant  in 
action,  which  is  an  observed  fact,  and  the  proliferative 
responses,  which  are  also  observed  facts,  standing  in  an 
observed  and  specific  relation  to  the  irritant,  some  inter- 
mediate events  are  necessities  of  thought,  these  events, 
although  not  amenable  to  direct  observation,  can  with 
much  confidence  be  thought  of  as  also  real  specific, 
and  necessary.  The  hypothesis  of  irritation  thus  acquires 
almost  the  value  of  a  theory  of  irritation,  in  which  it  is 
held  to  mean,  some  cryptic  change  in  the  living  substance 
of  a  ceU  specifically  related  both  to  the  irritant  and  to  the 
resulting  responses  ;  and  one  which  is  the  necessary  and 
specific  intermediary  between  the  irritant  action  and  the 
response  it  evokes  as  its  manifestations.  Such  a  cryptic 
change  determines  a  succession  of  cell-proliferations,  not 
beneficial  to,  and  always  in  some  degree  damaging  to,  the 
responding  organism,  but  always  adapted  to  and  bene- 
ficial to  the  irritant  ;  and  such  responses  are  in  a  legitimate 
sense  true  degenerations,  although  progressive. 

The  continuance  in  life  of  the  products  of  the  responses, 
sometimes  apparently  for  long  periods  of  time,  after  the 
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irritant  has  ceased  to  act  directly  upon  the  living  substance, 
although  some  of  its  effects  may  perhaps  persist  awhile, 
and  act  even  possibly  as  an  irritation  in  some  degree, 
indicates  an  important  distinction  of  these  responses  from 
those  damaging  ones  due  to  the  direct  effects  of  irritant 
actions  ;  for  these  responses  may  still  persist  and  be 
efficient  if  no  irritant  is  remaining  active,  though  some 
slight  remnant  of  previous  irritation  may  persist  ;  and 
during  such  a  period  they,  the  responses,  represent 
apparently  the  intrinsic  evolved  activities  in  the  cell- 
substance,  such  as  are  manifested  when  an  irritation  is  in 
a  waning  phase,  or  they  are  closely  related  to  those  of 
repair. 

It  is  another  and  not  less  important  character  of  these 
cryptic  changes  or  irritations,  that  they  modify  and 
misdirect  the  evolved  intrinsic  reparative  proliferative 
attributes  of  the  living  cell-substance,  but  do  not  directly 
and  necessarily  diminish  them,  never  destroy  them 
directly  ;  and  usually,  perhaps  always,  increase  or 
stimulate  them  locally  at  least,  for  a  time  ;  so  that,  after 
the  initial  irritant  actions  have  approximately  ceased,  and 
the  phase  of  waning  irritation  is  passed,  the  normal  repara- 
tive attributes  of  the  structural  units  and  cells,  which 
have  never  been  destroyed,  can  return  efficiently  and 
make  an  attempt  at  reversion,  so  that  at  length  recovery 
of  a  sort  can  take  place. 

The  whole  series  of  events  is  thus  a  terminable  one  in 
its  nature,  though  not  always  so  in  fact,  perhaps  because 
of  the  too  frequent  persistence  or  recurrence  of  a  suc- 
cession of  irritants  in  action.  The  misdirected  responses 
resulting  from  the  irritation,  though  vital  phenomena, 
lead  often  in  the  course  of  the  process  to  a  necrosis — 
usually,  perhaps  always,  of  some  of  the  products  of  the 
misdirected    cell-proliferation  ;     and    only    then    can    we 
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think  of  the  events  as  resulting  in  a  degeneration,  in  the 
sense  in  which  this  term  is  now  so  much  used,  which  is 
not,  I  think,  its  proper  or  original  meaning. 

Irritation,  then,  is  not,  and  cannot  be,  directly  necrotic  in 
its  effects,  yet  is  it  regressive  or  degenerative  in  the  sense 
of  the  term  as  I  have  used  it  already  ;  but  its  manifesta- 
tions— that  is,  its  products,  the  responses — readily  necrose, 
and  in  that  sense  it  is  indirectly  degenerative,  in  the  more 
common  meaning  of  the  term,  in  its  tendencies  ;  and 
hence,  the  products  being  much  mixed,  the  two  different 
things  are  very  apt  to  be,  and  often  are,  confused.  A  new 
word  is  wanted,  I  think,  to  connote  degenerations  as  now 
understood,  in  the  sense  of  the  abnormal  changes  in 
normally  persisting  tissue  elements,  which  lead  to  necroses, 
without  the  necessary  intervention  of  degenerations  in 
the  sense  of  misdirected  vital  responses  ;  and  this  new 
word  should  be  used  so  as  to  include  both  the  acute  and 
chronic  forms  of  such  degeneration,  which  may  proceed 
at  a  velocity  which  prevents  any  true  cell-proliferative 
responses  ;  but  it  should  not  be  used  also  for  the  degen- 
erations in  the  sense  which  I  have  given  above,  which 
implies  the  persistence  of  such  vital  responses. 

In  the  course  of  these  comments  on  irritation  I  have 
said  but  little  about  the  irritation  itself,  as  I  know  so 
little  ;  but  I  have  said  more  about  its  effects  or  manifesta- 
tions, because  in  this  way  only  can  its  existence  and  its 
characters  be  at  all  intelligibly  appreciated.  If  we  so 
conceive  of  irritation  as  it  is  above  attempted  to  be 
described,  that  is  to  say,  as  a  cryptic,  economic,  yet  profound 
change  in  the  living  cell-substance,  specificially  related 
to  a  parasite,  through  the  irritant,  and  also  specifically 
related  to  the  proliferative  responses  it  induces,  by  which 
it  is  characterised,  measured,  may  be  diagnosed,  and 
which  are  fitly  related  to  the  irritant, — then  may  we  fairly 
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conclude  that  such  responses  are  the  equivalents  of 
inflammation  in  plants,  and  to  some  extent  may  justify  the 
doctrine  assumed  in  the  address,  and  quoted  at  p.  2,  that 
"  the  reactions  of  all  living  tissues  to  irritants  are  rightly 
considered  as  inflammations  ; "  but  only  if  it  be  also  granted 
that  the  equivalents  of  inflammations  do  occur  in  plants, 
and  so  in  all  organisms.  This  assumption,  however,  is  not 
yet  generally  accepted,  and  the  conclusion  is  at  this 
moment  only  of  value  for  the  particular  responses  here 
dealt  with  in  plants,  and  not  for  other  organisms,  until 
and  unless  equivalent  specific  relations  are  shown  to  exist 
in  all  organisms,  between  irritations  and  the  responses 
they  evoke.  A  step  in  the  argument  is,  however,  thus 
gained,  which  must  be  further  pursued,  and  at  the  same 
time  the  various  kinds  and  degrees  of  irritation  must  be 
attempted  to  be  traced. 

§  II.  (5)  The  responses  to  irritation. — In  gall-production 
these  are  almost  solely  manifested  by  cell-proliferations  ; 
and  from  their  intimate  relations  to  the  irritation  and  to 
the  irritant,  it  has  been  found  convenient  to  speak  of 
them  already  under  the  head  of  irritation.  They  show 
adaptations  and  relations  of  fitness  to  the  irritant  and  to 
the  parasite  in  which  it  inheres,  such  as  justify  the  view 
that  they  are  produced  under  its  direction — are  conse- 
quences, in  short,  of  the  irritation,  and  are,  in  fact,  as 
regards  the  host  organism,  misdirected  in  such  a  manner 
as  to  do  damage  to  it,  as  is  shown  in  the  local  excess 
and  disorder  of  the  said  cell-proliferations  and  develop- 
ments, and  in  their  indiff^erence  to  the  welfare  of  the 
host  plants,  the  tissue  elements  of  which  present  active 
vital  phenomena  of  growth,  proliferation,  and  develop- 
ment, although  they  are  at  the  time  and  place  the 
seats  of  irritation,  as  a  necessary  intermediary  between 
the    irritant   actions  and  the  vital    responses  or  cell-pro- 
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liferations,  which    correspond    to,  manifest,  and  measure 
the  irritation. 

The  irritant  actions,  and  the  irritation,  are  both  to  be 
thought  of  as  always  injurious  to  the  plant  organism  ; 
yet  are  they  economically  so,  and  the  evolved  reparative 
attributes  of  the  plant  are  always  carefully  conserved, 
so  that  the  responses  can  take  place  in  virtue  of  these 
normal  faculties,  although  they,  being  misdirected^  them- 
selves damage  the  host  plant.  The  actions  of  the  irritant, 
and  therefore  the  irritations,  have  well-marked  relations 
of  time  and  place  with  the  cell-proliferative  responses  they 
evoke,  and  so  measure  them,  or,  what  comes  to  the  same 
thing,  are  measured  by  them.  The  cell-proliferations 
which  characterise  and  dominate  in  these  responses  to 
irritation  are  always,  and  necessarily,  associated  with  an 
adequate  supply  of  growth-materials,  often  in  plants  seen 
in  a  later  development  of  fibro-vascular  tissue. 

^  iia.  (6)  Responses  to  massive  injuries  without  irritation, 
or  true  Repair. — These  are  also  chiefly  manifested  as  cell- 
proliferations,  although  in  these,  not  less  than  in  the 
responses  to ,  irritation,  a  due  supply  of  growth-materials, 
and  adequate  conditions  of  growth,  must  necessarily  be 
presupposed. 

They  are  distinguishable  from  the  responses  to  irritation 
in  that  they  are  not  misdirected,  are  in  fact  directed,  by 
the  undisturbed  evolved  reparative  faculties  of  the  plant ; 
and  the  products  of  the  cell-proliferation  with  development 
are  not  in  excess  or  disorder,  do  no  damage  to  the  plant, 
but  benefit  it  in  various  modes,  either  by  closing  a  gap,  or 
by  regenerating  some  tissue  or  organ  of  a  permanent  and 
useful  kind,  such  as  show  adaptations  and  relations  of 
fitness  to  the  injured  host  organism  or  its  part. 

This  is  typical  repair  in  plants  ;  it  always  involves  some 
cell  and  tissue  regenerations,  often  also  organ  regeneration. 
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and  sometimes  it  is  associated  with  a  reproduction  of  the 
organism.  It  is  measured  by  the  injury  in  time  and  place. 
It  is  often  seen  contiguous  to  a  growing  gall,  yet  quite 
easily  distinguishable  therefrom  ;  e.g.  in  the  repair  of  the 
wound  caused  by  the  ovipositor  in  the  base  of  the  leaf- 
stalk, in  the  axil  of  which  a  young  gall  of  Cynips  kollari 
is  found  ;  and  also  in  a  similar  repair  of  the  saw-cut  made 
by  the  Nematus  viminalis  in  the  vein  of  the  leaf  of  Salix 
purpurea.  In  each  case  the  repair  products  are  readily 
distinguishable  from  those  of  the  responses  to  irritation 
which  constitute  the  gall  quite  close  by,  in  the  fitness  of 
their  relations  to  the  injured  organism  or  its  part. 

§  12.  (7)  The  etiology.,  extrinsic  and  intrinsic,  of  the 
damaging  responses  to  irritation^  and  of  the  reparative  ones  to 
a  simple  massive  injury. — This  has  been  very  well  studied 
in  plants  ;  for  the  responses  to  irritation  are  in  galls  very 
characteristic,  and  are  easily  distinguishable  from  those  to 
a  simple  injury,  not  only  by  their  structures,  but  by  their 
relations  to  their  extrinsic  and  intrinsic  causes.  Thus,  in 
the  responses  to  irritation  (which,  be  it  remembered,  may 
coexist  with  a  massive  injury  or  not,  and  may  then  be 
known  chiefly  by  the  characters  of  the  responses)  we  find, 
whenever  the  irritant  is  known,  that  the  responses  are 
adapted  to  it,  and  show  relations  of  fitness  to  it,  but  none 
such  to  the  host  organism  ;  rather,  always  present  some 
adverse  or  damaging  ones  to  it.  These  relations  of  fitness 
are  shown  only  to  the  extrinsic  cause  of  irritation  ;  but  as 
all  the  responses  of  either  order  necessarily  involve  the 
persistence  in  life  and  activity  of  the  intrinsic  reparative 
faculties  of  the  organism,  and  indeed  primarily  rest  upon 
them,  the  characters  of  the  responses  to  irritation  also 
show  some  necessary  relations  to  these,  the  intrinsic  factors 
in  the  causes  ;  although  these  do  not  dominate  the  specific 
direction    and    course    of    development    of   the  products. 
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which  therefore  are  not  fitly  related  to  the  responding 
organism  or  its  part. 

Such  relations  to  the  intrinsic  factors  in  the  causes  of 
the  gall-growth,  even  in  the  responses  to  irritation,  are 
seen,  as  to  their  quantity,  in  the  dependence  of  the  gall, 
as  to  its  mass,  upon  the  vigour  of  growth  of  the  plant,  or 
the  organ  thereof  affected  ;  and  as  to  their  quality,  in  the 
minor  differences  of  structure  often  visible  when  the  galls 
spring  from  unusual  positions  upon  the  plant,  an  occurrence 
met  with  occasionally,  and  due  to  mistakes  made  by  the 
parasitic  insect  in  depositing  the  egg.  But  the  product 
does  not  even  then  show  such  relations  of  fitness  to  the 
host  organism  as  it  does  to  the  irritant. 

The  influence  of  the  intrinsic  causal  factors  upon  the 
characters  and  structure  of  a  gall  is  also  seen  obviously 
and  frequently  at  the  outer  border  of  a  gall,  where  often 
the  resulting  responses  are  less  misdirected,  having  been 
less  irritated,  and  may  then  even  present  slight  but  yet 
perceptible  relations  of  fitness  to  the  host  organism,  as  is 
often  seen  in  the  Andricus  curuator  gall  on  the  oak,  or  in 
the  gall  of  A.  inflator.  However,  these  real  and  funda- 
mental dependences  of  gall-growth  upon  the  intrinsic 
causal  factors  notwithstanding,  galls  and  all  other  cecidia 
in  a  very  important  degree  show  a  predominant  specific 
influence  of  the  extrinsic  factor,  of  such  a  kind  as  justifies 
one  in  speaking  of  the  irritant  as  directing  or  as  misdirect- 
ing the  responses  to  irritation  along  lines  of  growth,  cell- 
proliferation  and  development,  which  serve  to  adapt  the 
product  or  response  to  the  irritant,  and  thus  mainly  help 
to  determine  its  varieties,  characteristic  structure,  course 
and  fate,  without  much  apparent  reference  to  the  ulterior 
interests  of  the  organism  affected  or  of  its  part. 

This  care  for  the  interests  of  the  parasitic  organism  or 
irritant  is  often  extended  so  far  as  to  provide  in  advance 
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for  the  continuance  of  the  parasitic  species,  by  special 
structural  adaptations  for  the  dispersal"  of  its  progeny  by 
the  affected  host  organism  ;  and  if  the  parasitic  organism 
be  not  by  its  own  powers  able  to  secure  its  own  escape 
from  its  temporary  prison  and  home,  the  plant  often 
provides  the  means,  to  its  own  detriment,  or  that  of  its 
successors,  for  the  dispersal  of  the  germs  of  the  foe  at  the 
proper  stage  of  its  development. 

Examples  of  this  are  numerous.  One  very  pretty  one  is 
seen  in  the  galls  of  Galium  aparine^  caused  by  the  Cecidomya 
aparine  ;  another  in  some  galls  on  the  leaves  of  beeches, 
caused  by  Hormomya  fagi ;  and  others  also  in  various  galls 
on  poplars,  elms,  and  firs,  due  to  some  apterous  insects. 
Some  of  these  were  known  to  Reaumur  and  to  Malpighi. 

The  numerous  galls  caused  by  Phytopti  are  usually 
from  the  first  open  for  the  escape  of  the  irritant  ;  but 
when  not  so,  some  provision  for  its  escape  is  found 
to  take  place  in  the  gall  at  the  time  when  the  interests 
of  the  parasite  demand  it. 

No  such  special  provision  for  the  dispersal  of  the  parasite 
is  provided  in  advance  by  the  host  plant,  where,  as  is  the 
case  in  the  Cynipidae,  the  enclosed  parasite  has  itself 
developed  organs  by  which  it  can  secure  its  own  escape 
and  the  dispersal  of  its  progeny. 

In  plant-galls,  especially,  there  is  well  shown  the  close 
relation  which  in  all  established  parasites  necessarily  exists 
between  the  parasite  and  the  responses  evoked  by  it  in 
the  host,  such  as  may  enable  the  parasite  to  survive. 
Were  adequate  relations  of  fitness  between  the  parasite 
and  the  host  not  existent,  the  former  could  not  be 
established  ;  and  this  is  so  for  the  whole  of  its  life-cycle 
as  a  parasite  in  that  host,  both  during  its  early  and  in  its 
late  stages,  which  demand  that  its  progeny  should  develop 
and    disperse.       Thus,    relations    of    fitness    between    a 
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parasite  and  the  responses  which  it  calls  forth  in  the  host 
are  necessary  for  it,  although  not  so,  but  damaging  for 
the  host  in  some  degree,  and  they  are  specific. 

Many  of  the  facts  upon  which  this  general  theory  rests 
have  long  been  known,  although  I  do  not  think  that  they 
have  hitherto  been  very  fully  set  forth  ;  and  in  any  case 
this  theory  does  not  seem  to  be  generally  accepted,  or  at 
least  applied,  in  regard  to  parasitism  in  animals.  Lacaze- 
Duthiers  (1853)  (Annales  des  Sciences  Naturelles)  attempted 
to  classify  galls  and  other  cecidia  in  accordance  with 
their  anatomical  structures,  as  exhibiting  adaptations,  and 
relations  of  fitness  to  the  parasite.  His  terminology  shows 
this,  as  often,  although  not  always,  he  names  the  layers 
of  cells  in  a  gall  or  other  cecidium  from  their  real  or 
supposed  values  to  the  parasite.  Some  of  his  terms  are  still 
in  common  use — for  example,  "  food-layer,"  "  protective 
layer  "  ;  and  they  imply  that  the  parts  of  the  gall  so  named 
functionate  for  the  advantage  of  the  parasite.  Even  earlier 
observers,  as  Reaumur,  Malpighi,  and  perhaps  Redi,  had 
observed  some  of  these  relations.  Advancing  and  more 
detailed  knowledge,  both  of  the  life-history  of  the  parasite 
and  of  the  development  and  fate  of  the  galls,  has,  however, 
since  the  time  of  Lacaze-Duthiers  added  strength  to  the 
position  he  then  took  up,  and  increased  very  much  the 
evidence  for  the  view,  that  the  parasite  is  the  architect  of  its 
own  house,  even  although  the  host  plant  is  the  builder.  It 
may  now  confidently  be  said,  that  the  irritated  plant-tissue 
elements  provide  a  suitable  seed-bed  and  incubator  for  the 
germ  or  egg  of  the  parasite,  secure  its  safe  hatching,  nurse 
its  embryo,  feed,  house,  and  protect  its  developing  larva 
against  harm  in  all  its  stages,  and  at  length,  by  the  develop- 
ment out  of  its  own  elements  of  a  delicate  specially  adapted 
mechanism,  often  provides  for  the  dispersal  of  the  progeny 
of  the  foe,  at  the  moment  when  it  is  ready,  so  that  future 
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generations  of  the  parasite  may  survive,  even  although 
those  of  the  host  thereby  suffer.  Such  apparent  altruism 
is  surely  only  to  be  explained  by  compulsion. 

In  such  a  series  of  phenomena  the  intrinsic  reparative 
faculties  of  the  host  are  doubtless  quite  essential,  and  they 
build  the  gall  ;  but  the  erection  shows,  in  its  structure, 
proofs  that  the  architect  was  an  extrinsic  factor,  the  irritant, 
the  gall-producer,  and  the  relations  of  fitness  found  are 
the  proofs  of  this.  The  building  of  the  gall  under  the 
misdirection  of  the  parasite,  doubtless  has  to  overcome 
the  resistances  presented  by  the  normal  tendencies  of  the 
tissues  of  the  host  to  persist  in  their  habitual  lines  ;  and 
these  resistances  may  even  justify  the  conception  of  a 
struggle  against  the  irritant  by  the  tissues  of  the  organism  ; 
but  the  preponderating  directive  influence  of  the  irritant 
is  so  obvious  and  overwhelming,  that  the  resulting  gall- 
growth  cannot  with  any  justification  be  considered  as 
representing  the  result  of  such  a  resistance  to,  or  of  a 
struggle  against,  the  irritant.  Rather  it  can  more  intel- 
ligibly be  regarded  as  an  excessive  misdirected,  even 
specific,  response,  in  which  the  irritant  is  the  extrinsic 
cause  of  the  excess  and  the  misdirection  ;  and  while  it  uses 
for  its  own  purposes  the  normal  intrinsic  reparative 
faculties  of  the  plant  or  of  its  tissue  elements,  fails  almost 
entirely  to  maintain  them  in  their  normal  lines  and  direc- 
tions, in  face  of  the  preponderating  directive  or  misdirecting 
influence  of  the  irritant  which  determines  the  species  or 
the  variety  of  the  response.  How  relatively  insignificant 
in  its  effect  on  the  specific  characters  of  the  product  this 
struggle  against  the  irritant  alone  is,  can  be  seen  in  the 
structures,  adaptations,  and  relations  of  fitness  to  the 
irritant  which  the  gall  itself  presents. 

In  galls  and  in  other  cecidia  there  is  thus  evidence  that 
the  tissues  of  the  host,  although  so  directed  or  misdirected 
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in  their  growth  by  the  extrinsic  irritant  as  to  make  them 
suffice  for  its  needs,  are  not  more  perturbed  by  it  than  is 
just  sufficient  for  this  purpose  ;  and  the  interests  of  the 
host  are  thus  just  so  much  conserved  as  is  consistent  with 
the  needs  of  the  irritant  ;  and  this  fact  also  shows  the 
economy  of  the  cryptic  change  in  the  irritation. 

So  considered,  the  gall  grows  for  the  common  advantage 
of  both  host  and  parasite,  although  the  advantage  to  the 
former  is  but  the  economy  of  the  change  ;  while  the 
advantage  to  the  latter  is  essential  and  necessary  to  its 
being.  The  result  is  the  striking  and  essential  one,  that 
the  gall  grows  and  lives  as  a  consequence  of  the  economy 
in  the  cryptic  change,  or  irritation,  produced  by  the 
irritant  ;  but  yet  it  so  grows  in  a  specific  structure,  and 
lives  so  as  to  serve  the  needs  of  the  parasite  at  the  cost  of 
the  host. 

In  many  typical  galls,  not  only  the  initial  characters  of 
their  life,  growth,  and  development,  but  their  later  fates 
and  durations,  are  largely  determined  by  the  extrinsic 
factor,  the  irritant  ;  but  if  we  observe  the  various  galls 
and  cecidia  met  with  in  nature,  we  find  many  in  which  the 
interests  of  the  parasite  and  of  its  host  conflict  but  very 
little  ;  and  then  the  product,  although  always  sufficient  to 
satisfy  the  needs  of  the  former,  damages  those  of  the  latter 
in  but  a  very  slight  degree.  Thus,  an  almost  infinite 
series  of  minute  gradations  occurs,  between  very  heterolo- 
gous and  damaging  true  galls,  and  very  slightly  damaging 
cecidia  (see,  for  example,  some  leaf-curls)  ;  and  by  these 
the  gap  is  partly  bridged  over  between  the  more  typical 
and  damaging  responses  to  parasitic  irritation,  and  the 
purely  reparative  ones  to  simple  injuries  without  irritation  ; 
and  one  can  easily  connect  in  thought  the  intermediate 
parasitic  irritations  which  perturb  but  slightly,  with  the 
non-parasitic  irritations  of  any  origin,  extrinsic,  intrinsic. 
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or  both,  and  so  partly  fill  the  gap  between  them  and  the 
pure  repair  processes  of  response  to  a  simple  injury. 

Plant  galls  present  such  conspicuous  examples  of  the 
relations  of  fitness  between  the  irritants,  the  extrinsic  factors,, 
in  their  etiology  and  the  responses  thereto,  that  it  is 
excusable  to  deal  with  them  here  at  some  considerable 
length  ;  but  it  is  by  no  means  intended  to  say  that  all  the 
responses  to  other  irritations,  which  are  often  not  parasitic, 
show  equally  well  such  relations  of  fitness  between  the 
responses  to  the  irritation  and  the  irritant ;  while  it  is  still 
held,  that  in  all  cases  some  such  relations  of  fitness  do 
obtain,  even  although  they  are  more  difficult  to  establish 
the  proofs  of  in  traumatic  irritations  than  in  the  parasitic 
ones. 

In  the  responses  to  a  traumatic  or  a  simple  injury  in 
plants,  the  relations  seen  between  the  causes  or  agents  of 
injury  and  the  effects  are  chiefly  those  of  equality,  and 
the  fitness  shown  in  them,  is  to  the  organism  or  the  part 
of  it  which  is  injured,  and  responds  as  a  pure  repair,  in 
virtue  of  its  undisturbed  evolved  intrinsic  reparative 
faculties,  as  set  free,  apparently  by  the  injury.  Thus  the 
parasitic  irritations,  with  the  responses  thereto,  and  the 
simple  injuries,  with  the  responses  they  evoke,  as  seen  in 
plants,  are  well  suited  for  the  study  of  the  etiology  of  both 
orders  of  response,  that  is,  of  the  damaging  and  the  truly 
reparative  ones.  The  traumatic  irritations,  if  persistent 
or  repeated,  are  less  well  exhibited  in  their  responses  \ 
but  they  also  show  a  like  general  result ;  and  in  them  also 
the  eflPects  measure  the  causes. 

§  13.  (8)  The  responding  mechanisms  and  the  characteristics 
of 'each  order  of  response. — The  characters  of  the  responses 
to  irritation  are  such  as  in  galls  enable  us  easily  to  distin- 
guish them  from  those  to  a  simple  injury  ;  so  that  by 
them  each  order  of  response  can  be  referred  to  its  causes. 
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whether  simple  injury  or  irritation,  whether  intrinsic  or 
extrinsic.  Yet  are  they  in  both  orders  ahke  in  this,  that 
they  are  manifested  by  cell-prohferation,  with  an  adequate 
afflux  of  growth-materials  to  the  part,  though  this  latter  is 
relatively  much  less  obvious  in  plants  than  it  is  in  vascular 
animals.  This  is  well  seen  in  tracing  the  development  of 
galls  from  the  gall-plasm,  often  an  almost  undifferentiated 
meristematic  mass  ;  and  it  is  well  seen  in  the  very 
young  oak-apple,  in  which  the  fibro-vascular  bundles 
develop  later  than  the  time  of  complete  inclusion  of  the 
earliest  embryos  by  the  gall-plasm.  As  has  already  been 
said,  the  distinctive  characters  of  the  two  orders  of 
response  rest  upon  the  direction  or  misdirection  of  such 
cell-proliferation  and  development,  as  is  determined  in 
the  one  case  by  the  extrinsic  irritant,  and  in  the  other  by 
the  normal  intrinsic  reparative  attributes  of  the  organism, 
when  not  perturbed  or  irritated  ;  so  that  the  characters 
are  somewhat  alike,  yet  differ. 

The  inference  is  obvious,  I  think  certain,  that  the 
responding  mechanism  is  the  same  for  the  two  orders  of 
response  ;  and  their  distinctions  are  mainly  due  to  differ- 
ences in  the  direction  of  the  process  ;  so  that  in  repair  of  a 
simple  injury  the  injured  organism  or  its  part  directs  the 
succession  of  changes,  and  the  product  is  fitted  to  it  more 
or  less  perfectly,  and  is  always  beneficent  to  it  ;  while 
in  the  responses  to  irritation,  the  irritants,  or  extrinsic 
causes,  direct,  or  rather  misdirect,  the  succession  of  changes 
for  their  own  ends  and  advantages,  without  much  regard 
to  the  interests  of  the  organism,  further  than  may  coin- 
cide with  its  own,  and  on  this  ground  do  damage  to  it  in 
the  most  economical  way,  and  do  so  through  and  by  the 
operation  of  the  normal  reparative  powers  as  misdirected. 

The  products  of  these  misdirected  responses  are,  as  I 
have  said,  more  or  less  locally  in  excess  and  disorder  in 
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regard  to  the  host,  cannot  functionate  adequately  for  it, 
and  they  Hve  usually,  if  not  always,  for  a  shorter  period 
than  do  the  products  of  a  response  to  a  simple  injury 
which  are  not  in  excess  and  disorder,  and  can  then  func- 
tionate for  the  injured  organism  or  part  adequately,  so  as 
sometimes  even  to  reproduce  it.  The  cases  reported  in 
which  the  products  of  responses  to  extrinsic  irritation 
are  said  to  have  reproduced  the  organism  are,  I  think,  not 
well  established  ;  and  the  exceptional  instances  in  which 
they  functionate,  as  in  some  galls  on  willows,  for  long 
periods,  show  no  benefit  to  the  host  organism  affected. 
The  fundamental  responding  mechanism  common  to  both 
orders  of  response  is  the  irritable  living  cell,  the  elemen- 
tary organism. 

The  characters  of  the  responses  vary  as  do  the  con- 
ditions affecting  the  cell  ;  and  these  conditions  may  be 
such  as  may  modify  its  proliferations  and  developments, 
but  must  not  arrest  or  destroy  them.  Different  intrinsic 
reparative  attributes  of  the  cell  or  cell-complexes  are  also 
important  factors  influencing  somewhat  the  characters  of 
the  responses  of  both  orders. 

§  14.  (9)  Recovery,  after  responses  to  irritation,  compared 
with  Repair  of  simple  injuries. — As  the  responses  to  a  simple 
injury  show  a  relation  of  fitness  to  the  injured  organism,  and 
one  of  equality  to  the  injury  of  it  ;  and  as  the  responses  to 
irritant  actions  and  irritation  show  a  relation  of  fitness  to 
the  irritant  only,  with  one  of  damage  to  the  responding 
organism,  without  obvious  equality  in  amount  to  the 
injury,  if  any  be  present,  in  a  massive  form  ;  such 
responses  to  irritation  must  always  antagonise  the  purely 
reparative  responses  to  a  simple  injury  so  long  as  the 
irritation  persists,  and  in  the  degree  of  its  activity.  As 
also  the  parasitic  irritants,  here  dealt  with  as  the  best 
examples,    in    the    normal  course  of    their  own  life    and 


SECTION    II  :    IN   PLANTS  45 

development,  tend  to  cease  or  to  change  their  irritant 
actions,  the  responses  due  thereto  also  then  tend  to  vary 
or  cease.  Such  responses  to  irritation,  which,  provisionally 
at  least,  I  will  now  call  the  equivalents  of  inflammation  in 
plants,  are  therefore  in  their  nature  terminable  as  the 
irritation  tends  to  end. 

When  the  developmental  series  of  phenomena  in  the 
parasitic  irritant  ends,  the  nearest  normal  or  approximately 
normal  living  tissue  elements  respond  as  in  a  simple  repair  as 
nearly  as  may  be,  and  this  necessarily,  so  that  thus  recovery 
of  some  sort  begins  and  progresses.  A  condition  is,  how- 
ever, still  left  to  be  dealt  with  in  thought  before  recovery 
occurs  ;  and  that  is  the  one  of  damage  done  to  the 
organism,  in  part  due,  perhaps,  to  an  initial  massive  injury 
if  any  had  been,  and  in  part  due  to  the  damaging  responses 
to  irritant  actions,  which  may  have  been,  indeed,  the  sole 
damages  to  be  dealt  with  in  the  recovery,  when  the  irritation 
has  been  produced  without  any  initial  massive  injury,  but  not 
the  less  needing  to  be  dealt  with  in  recovery. 

But  it  is  expedient  here  to  limit  the  use  of  the  word 
recovery — a,  truly  reparative  process — to  the  repair  of  the 
damages  of  all  kinds  associated  with  the  responses  to 
irritation,  and  to  separate  it  entirely  from  a  repair  proper 
of  a  simple  injury,  the  process  of  which  is  not  thus  thought 
of  as  recovery,  because  it  has  not  been  previously  associ- 
ated with  irritation,  and  the  damaging  responses  it  evokes. 
Recovery,  however,  so  thought  of,  means  a  return,  often 
a  very  gradual  one,  towards  or  even  to  the  process  of  repair 
proper,  in  which  the  responses  show  in  their  results  re- 
lations of  fitness  to  the  organism,  or  its  part,  and  subserve 
its  ends  more  or  less  perfectly,  and  it  is  possible  only 
when  the  irritation  has  somehow  relatively  diminished 
or  ceased,  so  as  no  longer  to  seriously  antagonise  normal 
repair.     Then,  recovery    occurs   necessarily,  if  the   parts 
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of  the  organism  are  under  normal  life-conditions  in  other 
respects,  and  it  does  so  then  in  virtue  of  the  persistence 
of  the  evolved  intrinsic  faculties  of  nutrition  and  growth 
of  structural  units,  cell-proliferation  and  development,  in 
accordance  with  the  attributes  of  the  particular  tissues 
of  the  organism  involved,  so  long  as  their  life  endures  ; 
in  short,  because  the  automatic  reparator,  the  cell,  yet 
lives  and  functionates. 

Such  reparative  responses,  seen  in  recovery,  are  always 
very  largely  regenerations  of  tissue  elements  replacing 
those  lost  or  seriously  damaged — of  course,  with  a  due 
supply  of  growth-materials  ;  and  they  are  in  plants  also 
very  frequently  shown  by  or  accompanied  by  repro- 
ductions of  buds  as  potential  organisms,  much  as  in  a 
true  repair.  It  is  less  certainly  known  whether  or  no 
individual  plant-cells,  elementary  organisms,  after  suffer- 
ing the  cryptic  change  spoken  of  as  irritation,  can  and 
do  themselves  so  revert  to  their  normal  states  as  to 
proliferate  and  develop  along  the  lines  and  in  the 
directions  proper  to  them  before  they  had  been  irritated  ; 
but  there  is,  I  think,  a  presumption  somewhat  in  favour 
of  the  view  that  it  is  possible.  This  may  be  so  in  some 
cases,  but  the  evidences  for  it  are  at  present,  I  think,  not 
quite  adequate  ;  and  in  any  case,  recovery  in  plants  is 
less  frequently  shown  by  phenomena  seeming  to  demand 
this  explanation,  than  by  those  which  indicate  more 
clearly  a  replacement  of  a  loss  by  a  regeneration  of  tissue, 
due  to  a  proliferation  of  the  nearest  cells,  in  which,  so  far 
as  the  evidence  yet  goes,  either  no  such  irritation  had 
been  present,  or  but  very  slight  grades  thereof. 

Recovery,  understood  as  reversion,  is  not  perhaps  so 
well  shown  or  so  easy  to  trace  the  processes  of  in  plants 
as  in  animals  ;  or  perhaps  it  has  not  been  studied  with 
equal    care.     Paget  was    thus    in  one    sense   justified    in 
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speaking  of  plants  as  showing  examples  of  reparative 
processes  less  markedly  than  do  higher  animals  ;  but  I 
am  not  able  to  accept  his  conclusion  that  they  present  us 
with  less  evidence  of  their  possession  of  the  regenerative 
powers  by  which  massive  lesions,  without  irritation,  are 
healed  or  repaired,  and  losses  made  good  ;  and  I  think 
the  evidence  is  rather  the  other  way.  Paget,  in  expressing 
these  opinions,  did  not,  I  think,  separate  the  idea  of  repair 
from  that  of  recovery  sufficiently,  or  not  in  the  way  above 
given,  which  indicates  the  close  relationship,  yet  distinction, 
between  the  two  ideas.  In  fact,  plants  do  repair  massive 
injuries,  and  show  tissue  regenerations  very  readily,  if 
often  less  rapidly  than  higher  animals  do  ;  but  as  they 
so  readily  also  repair  by  reproducing  new  organs  and 
potential  organisms,  and  as  this  has  not  been  very 
generally  considered  to  be  repair  or  a  mode  thereof,  I 
think  the  completeness  of  the  reparative  powers  of  plants 
has  been  too  much  undervalued.  That  they  are  able 
somehow  to  recover  after  some  irritations,  and  the 
damaging  responses  thereto,  seems  to  be  sufficiently 
certain  ;  nor  are  facts  altogether  wanting  to  show  how  they 
do  so. 

However,  in  plant-galls  or  in  cecidia  of  any  kind  we 
find  no  indications,  such  as  have  been  so  much  insisted 
upon  in  animals,  that  during  their  responses  to  irritant 
actions,  and  by  these  responses,  they  themselves  arrest  the 
irritant  actions  or  irritations,  or  appreciably  hinder  them  ; 
but  rather,  all  such  responses  are  found  to  ho.  fitly  adapted 
to  the  requirements  of  the  irritant^  so  long  as  its  stages  of 
development  are  irritating.  And  although  the  products 
of  these  responses  at  a  later  period  may  be  such  as  help 
towards  the  escape  of  the  irritant,  yet  this  phase  is  met 
with  only  when  such  escape  is  for  the  advantage  of  the 
irritant,  or  its  progeny,  at  a  time  when  it  has  almost  or 
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quite  ceased  to  act  as  an  irritant,  and  has  reached  a  stage 
of  development  demanding  only  freedom  to  disperse  ;  and 
in  this  way  the  responses  do  not  conflict  with  the  irrita- 
tions or  initiate  recovery. 

§  I4<2.  The  arrest  of  irritation,  as  seen  in  galls  and 
cecidia,  is  due  mainly,  if  not  solely,  to  the  normal  changes 
in  the  development  of  the  irritant ;  and  it  occurs  when  the 
interests  of  the  parasite  demand  it.  In  no  case  known 
to  me  in  plants  is  it  due  to  the  results  of  a  successful 
struggle  by  the  reacting  tissues  of  the  responding  organism 
against  the  irritant,  either  by  cancelling  the  irritation,  or 
by  expelling  the  irritant  during  the  stages  in  which  it 
acts  as  one. 

However  brought  about,  some  such  arrest  of  irritant 
actions  is  a  necessary  condition  precedent  for  the  efficient 
dominance  of  the  reparative  processes,  which  include 
recovery,  and  thus  for  such  repair  as  often  occurs  of  some 
of  the  various  damages  met  with,  i.e.  for  recovery  after 
irritation  or  inflammation  or  its  equivalent  in  plants. 
This  would  not  be  the  case  were  it  true  that  the  responses 
to  irritation  are  themselves  reparative,  or  competent  to 
arrest  the  actions  of  the  irritant,  or  to  cancel  them,  or 
were  this  their  purpose.  In  short,  the  processes  of 
recovery  after  gall-growth  in  plants  are  not  parts  of  the 
responding  process  ;  they  occur  only  after  the  irritation 
has  relatively  or  completely  ceased  ;  and  the  responses  do 
not  themselves  bring  about  such  cessation  in  the  plant 
galls  ;  and  this  is  so  whether  we  consider  such  responses 
as  equivalents  of  inflammation  in  plants  or  not. 

As  examples  of  a  sort  of  recovery  after  the  damages 
attending  and  caused  by  the  responses  to  irritation  in 
plants,  1  may  mention  {a)  those  cecidia  which  are  but 
very  slight  departures  from  normal  states,  such  as  are 
seen  in  some  erineums  due  to  Phytopti,  e.g.  those  on  the 


SECTION    II  :    IN    PLANTS  49 

leaves  of  alders,  sycamores,  and  walnuts.  We  find  then 
the  hairs  the  chief  seats  of  irritation,  and  of  the  responses 
thereto,  in  states  of  an  active  hyperplasia  with  a  morbid 
metaplasia  while  the  Phytopti  are  young,  active,  irritating, 
and  apparently  reproducing  their  kind  ;  and  about  the 
time  that  these  disperse  and  seek  some  other  place  more 
suitable  to  their  then  stages  of  development,  the  modified 
hairs  wither  and  die.  The  lamina,  however,  from  the 
under  face  of  which  the  hairs  had  grown,  had  itself  been 
modified,  although  in  a  much  less  degree,  and  had, 
although  thickened  a  little  and  curved  dorsally,  retained 
its  normal  essential  structures  and  attributes  sufficiently, 
so  as  to  both  support  the  growth  of  the  said  enlarged 
hairs  and  to  functionate  for  the  advantage  of  the  host  plant 
almost  normally.  About  the  tim^e  when  the  Phytopti, 
the  irritants,  have  dispersed,  and  the  modified  hairs  have 
died,  the  slightly  curved  and  thickened  lamina  persists  in 
life,  growth,  and  nutrition,  and  although  it  remains  de- 
formed somewhat,  it  appears  to  functionate  fairly  well,  and 
to  benefit  the  host  organism  only,  of  which  it  is  a  part. 

In  this  series  of  events  can  be  seen  a  sort  of  partial 
recovery,  after  the  responses  to  irritation.  The  irritant 
has  gone,  the  tissues  which  had  been  most  irritated  are 
dead,  sometimes  detached,  and  the  nearer  cells  and  tissues 
of  the  lamina  which  had  been  least  or  not  at  all  irritated, 
yet  had  in  some  important  degree  contributed  to  the 
growth  of  the  cecidium,  and  so  had  been  a  part  of  its 
structure,  remain,  and  apparently  revert  to  a  normal  state, 
or  very  nearly  so — at  least  if  they  had  been  at  all  irritated. 

It  may  be  confidently  inferred,  that  the  cells  of  the 
lamina  which  thus  apparently  revert  had  been  the  seats 
of  the  cryptic  change  of  their  protoplasmic  constitution, 
the  irritation,  so  slightly,  if  at  all,  as  to  leave  open  for 
them  a  possibility  of  reversion,  which  was  not  the    case 
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for  the  cells  of  the  modified  hairs,  more  irritated,  because 
more  closely  connected  with  the  irritant,  and  in  the  end 
they  are  necrosed  as  a  consequence.  Such  a  distinction 
between  the  more  and  the  less  irritated  tissues  and  tissue 
elements,  between  the  cells  nearest  to,  and  those  further 
from,  the  irritant  actions,  is  traceable  in  very  many  galls 
and  cecidia,  and  is  presumably  in  some  degree  common 
to  almost  all  of  them. 

This  example  also  shows  well  enough,  that  the  repar- 
ative processes  of  recovery  only  then  begin  and  go  on, 
when  the  irritation  has  ceased,  or  very  nearly  so,  and 
when  the  irritant  has  ceased  to  act,  or  has,  as  in  this 
case,  spontaneously  departed  ;  and  when  they  take  place, 
they  are  very  like  the  normal  processes  of  nutrition  and 
growth  ;  but  in  this  case  there  is,  so  far  as  I  know,  no 
complete  evidence  of  tissue  regeneration  of  lost  or  dead 
parts,  i.e.  of  the  hairs,  and  the  cell-proliferations  seem 
only  to  go  on  in  the  normal  way,  in  the  curved  lamina 
where  the  irritation  had  been  least  intense.  There  it  is 
that  recovery  takes  place,  if  at  all  ;  but  it  has  there  to 
revert  only  from  a  very  slight  distance,  if  from  any. 

One  can  only  speculate,  and  that  without  any  very 
sufficient  grounds,  on  the  extent  and  characters  of  the 
cryptic  changes  in  the  cell-substances  which  are  less  intense, 
and  from  which  the  cells  can  and  perhaps  do  revert  to  or 
towards  a  normal  state  ;  compared  with  those  in  the  cell- 
substance  of  the  hairs  which  are  so  intense  or  grave  as  to 
lead  to  early  death,  and  so  to  preclude  repair  or  recovery 
at  that  part.  It  is  legitimate,  not  the  less,  to  note  that 
the  less  intense  changes  are  in  the  cells  more  distant  from 
the  irritant  actions  and  nearest  to  the  normal  cells,  because 
in  these  alone  do  any  reparative  responses  proper,  or 
recovery  with  some  apparent  reversion  towards  the  norm, 
take  place  ;  and  then  they  are  shown  in  such  a  way,  that 
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we  cannot  draw  a  sharp  line  of  demarcation  between  quite 
normal  tissue-cells,  and  those  which  had  been  so  very 
slightly  irritated  that  they  can  and  do  perhaps  revert. 

(b)  A  multitude  of  essentially  similar  instances  can  be 
found  among  leaf-curls  due  to  Phytopti  or  to  Aphides, 
or  among  the  nipple-shaped  phytoptous  galls  upon  leaves 
of  maple,  sycamore,  and  alder,  or  among  the  purse-like 
galls  due  to  Aphides  upon  the  leaves  of  elms,  and  many 
other  galls,  in  which  it  is  a  common  factor  that  they  are 
open  for  the  gall-maker  to  escape,  either  from  the  first, 
or  at  a  later  period,  if  such  escape  is  required  for  its 
needs  ;  and  such  escape  actually  does  take  place. 

I  have  already  mentioned  in  another  connection  the 
galls,  often  produced  by  Diptera,  or  by  some  parasite  not 
able  to  escape  by  its  own  exertions,  yet  needing  dispersal, 
which,  although  closed  during  the  main  period  of  their 
growth  and  development,  open  by  a  sort  of  dehiscence, 
much  as  seed-capsules  do,  so  as  to  enable  the  gall-producer 
or  its  progeny  to  escape,  when  its  needs  require  it  so  to 
do.  All  these,  in  so  far  as  they  show  any  reparative 
responses  such  as  we  can  rightly  consider  indicative  of  a 
recovery  of  any  type,  do  so  only  after  the  gall-producer 
has  ceased,  or  has  almost  ceased,  to  irritate  ;  and  then 
only  in  those  parts  of  the  gall  or  cecidium  which  are  most 
remote  from  the  action  of  the  irritant,  and  presumably, 
therefore,  had  been  less  intensely  or  not  at  all  irritated. 
In  these  cases,  however,  the  reparative  processes  of  re- 
covery do  not  present  us  very  conspicuously  with  any 
marked  increase  of  cell-proliferation  or  development  ;  and 
it  is  conceivably  possible  that  in  some  of  them  recovery 
may  be  represented  solely  by  a  reversion  towards  the 
normal  state  of  the  slighter  cryptic  changes  in  the  cell- 
substance,  without  any  added  cell-proliferations  such  as 
would  rightly  be  called  a  tissue  regeneration  of  lost  parts  ; 
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but  this  point  remains  only  a  possibility,  and  is  not  at  all 
established.  It  is  to  be  borne  in  mind  also,  that  recovery 
is  not  a  constant  result  after  the  responses  to  irritation, 
and  it  may  be  absent,  as  will  later  on  be  shown,  both  for 
plants  and  animals. 

(<;)  The  broad  facts  above  pointed  to  are  also  well 
seen  in  such  a  gall  as  that  of  Andricus  curvator^  which  is 
found  on  the  oak  leaf  and  is  composed  as  to  its  peripheral 
parts  mainly  of  very  slightly  modified  fibro-vascular 
bundles,  in  some  excess  and  disorder  of  position  and 
arrangement,  and  as  to  its  inner  portions,  i.e.  those  which 
serve  as  the  food-layer  and  the  protective  layer  proper  of 
the  gall-producer,  or  those  grown  nearest  to  the  irritant, 
is  composed  of  plant-tissues  much  more  modified  by  the 
irritation.  That  this  inner  portion  separates  from  the 
outer,  while  yet  the  structural  elements  of  both  live,  or  at 
least  are  succulent,  is  apparently  a  consequence  of  a  want 
of  co-ordination  of  the  growth  of  the  two  portions  ;  and 
such  separation  occurs  about  the  time  at  which  the  gall- 
producer  larva  becomes  a  pupa,  and  presumably  then 
ceases  to  act  as  an  irritant,  although  the  lamina  is  at  the 
time  still  expanding  ;  and  the  peripheral  portion  of  the 
gall  then  grows  with  the  lamina,  and  apparently  function- 
ates no  longer  for  the  gall-producer's  interests  ;  but 
though  it  may  be  that  it  does  not  do  so  perfectly,  yet  it 
does  in  some  degree  serve  for  those  of  the  host  plant, 
without  being  at  all  adverse  to  the  interests  of  the  irritant. 

Such  a  separation  of  an  inner  from  an  outer  gall  is  a 
sort  of  dehiscence,  and  is  associated  with  an  early  necrosis 
of  the  inner  gall.  Soon  after  this  stage  the  pupa  becomes 
an  imago,  eats  a  way  out  of  the  inner  gall,  and  through 
the  whole  thickness  of  the  outer  gall  ;  the  former  about 
this  time  withers  and  dies  ;  but  the  latter  persists  in  life 
and  growth  as  long  as  does  the  leaf,  or  the  other  organ 
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which  bears  it.  Such  persistence  in  life  of  the  outer  gall 
implies  doubtless  some  cell-growth  and  proliferation,  a 
capacity  to  develop  and  functionate  for  the  benefit  of  the 
host  plant,  and  it  is  a  sort  of  recovery  by  a  patch. 
Although  I  have  not  verified  the  point  by  direct  observa- 
tion, I  do  not  greatly  doubt  that,  at  or  near  the  time  of 
the  separation  of  the  inner  gall  from  the  outer,  the  latter 
produces  near  its  inner  face,  where  the  surface-cells  are 
seen  withered  and  ruptured,  a  form  of  cork  or  other  such 
scar-tissue,  quite  comparable  to  that  common  in  the 
repair  of  a  massive  simple  injury  in  plants.  This  is,  then, 
a  sort  of  recovery,  imperfect  though  it  be  ;  it  takes  place 
in  the  peripheral  parts  only,  and  only  after  irritation  has 
relatively  ceased  ;  and  it  is  represented  by  some  cell- 
proliferative  phenomena,  like  those  met  with  in  a  simple 
repair  ;  but  it  is  not  perfect,  and  its  result  is  a  com- 
promise. 

The  instances  in  which,  by  a  mistake  of  the  parent 
insect  in  ovipositing,  these  galls  grow  upon  or  in  a  young 
axis,  often  show  still  better  how  permanent  may  be  the 
tissue  of  the  outer  gall  and  how  well  it  may  functionate 
for  the  benefit  of  the  host  plant,  although  always  it 
shows  permanent  traces  of  its  origin  in  the  deformity 
which  results.  I  have  met  with  examples  of  these 
deformed  yet  vigorously  growing  branches,  of  ten  or 
twelve  years  old,  in  which  I  could  still  trace  the  per- 
sisting outer  gall-tissues,  limiting  the  cavity  in  which  the 
inner  gall  had  lain.  The  line  of  demarcation  between  the 
normal  plant-tissues  and  the  very  slightly  modified  ones 
at  the  periphery,  is  in  these  and  in  many  other  galls  not 
possible  to  be  drawn.  It  is  certain  that  the  tissues  are 
in  close  and  continuous  contact,  and  it  is  apparent  that 
on  both  sides  of  the  line  the  tissues  can  respond  by  cell- 
proliferations    serviceable    to    the    organism    only    after 
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irritation  has  ceased  or  has  greatly  diminished  ;  and  this 
is  a  form  of  recovery. 

(a)  The  galls  which  yield  Andricus  inflatory  and  are 
found  in  young  developing  oak  shoots,  also  show  a  very 
similar  series  of  events,  in  which  an  inner  gall,  composed 
of  more  modified  structures,  separates  from  the  outer, 
composed  of  less  modified  ones.  Such  separation  coincides 
in  time  approximately  with  the  cessation  of  the  irritation, 
and  is  accompanied  by  a  necrosis  of  the  periphery  of  the 
inner  gall,  but  also  by  a  growth  and  development  of 
the  peripheral  parts  of  the  outer  gall,  along  apparently 
almost  normal  lines,  in  which,  however,  some  deformity 
always  remains.  So  that  we  find  here  also  that  recovery, 
though  not  at  all  perfect,  does  occur  ;  and  here  also,  the 
parts  which  are  most  irritated  and  modified  wither  and 
ultimately  die  after  separation,  and  the  parts  which  are 
least  irritated  live  and  proliferate,  and  are  continuous  with 
quite  normal  parts,  so  as  to  show  no  observable  line 
of  demarcation. 

From  these  galls  at  their  outer  limits,  buds,  apparently 
quite  normal  in  character  and  faculty,  are  developed, 
although  they  usually  are  not  quite  normally  placed  in 
order  of  arrangement.  The  cessation  of  irritant  actions 
is  in  each  of  these  cases  due  to  or  coincident  with  the 
normal  developmental  changes  in  the  irritant ;  and  in  no 
single  case  is  the  response  of  a  kind  to  hinder  seriously, 
arrest,  or  cancel  the  irritant  actions,  or  such  as  to 
interfere  with  its  final  dispersal  ;  so  that  there  is  no 
sign  here  given  that  these  responses  appreciably  struggle 
with  success  against  the  irritant. 

'{e)  The  common  Spathegaster  haccarum  gall  on  the 
young  oak  leaf  also  withers  and  dies  as  a  mass  soon 
after  the  insect  escapes,  and,  the  lamina  being  then  still 
in    a   growing    stage,    I    have    reason    for    thinking    it 
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delimits  the  dead  and  withered  remnants  by  a  sort  of 
cork  tissue  continuous  at  one  aspect  with  the  dead  gall 
remnants,  and,  at  the  other,  with  the  cells  of  the  living 
lamina  ;  so  that  a  sort  of  patch  is  thus  effected,  some- 
what like  that  which  follows  a  simple  injury  of  the  part, 
with  some  loss  of  tissue  ;  and  this  is  all  that  here  stands 
for  recovery.  As  has  been  noticed,  this  series  of  events 
is  varied  if  this  gall  be  infested  with  Synergi,  when, 
under  the  influences  which  their  young  free  larvae  exert, 
the  gall  grows  differently,  and  then  lives  as  long  as 
does  the  leaf,  or  nearly  so.  In  such  a  case  no  recovery 
of  the  leaf,  a  deciduous  organ,  can  take  place,  for  the 
two  groups  of  irritant  actions,  and  the  responses  thereto, 
persist  as  long  as  does  the  leaf  ;  while  in  the  same  Spathe- 
gaster  gall,  when  not  infested  by  Synergi,  recovery  how- 
ever imperfect  is  seen  as  a  patch,  the  materials  of  which 
come  from  the  nearer  and  almost  or  quite  normal  cells 
of  the  lamina.  The  influence  of  Synergi  on  the  progress 
and  fate  of  this  gall  shows  well  the  dominant  influence 
exerted  by  the  irritant  upon  the  specific  characters  of 
the  responses. 

(/)  When  a  gall  such  as  the  oak-apple  springs  from 
an  axis,  and  its  whole  mass  withers  and  dies  as  an  ultimate 
consequence  of  the  series  of  changes  attending  the 
parasitism,  from  the  deposit  of  the  eggs  to  the  escape 
of  the  mature  insects,  although  the  specific  irritation  has 
long  before  ceased  ;  the  dead  mass  often  remains 
attached  for  long  periods,  it  may  be  for  years,  and 
such  attached  dead  terminals  are  dealt  with  then,  as 
are  many  other  dead  tips  of  axes,  by  a  production  of 
scar-tissue,  marking  off  the  living  tissues  from  the  dead, 
and  protecting  the  former,  without,  however,  directly 
restoring  the  loss  ;  always  such  scar-tissue  is  strictly 
limited  in  amount,  and  duly  co-ordinated,  never  presents 


56  THE   INFLAMMATION   IDEA 

ceU-proliferation  in  excess  and  disorder  specifically  mis- 
directed ;  so  that  the  final  result  is  very  much  like  a 
repair  by  patch  as  of  a  simple  injury.  This  is  for  such 
a  case  an  imperfect  recovery. 

The  collateral  growth  of  other  buds,  such  as  is  seen 
after  pruning,  and  may  be  thought  of  as  due  to  a 
liberation  of  growth,  or  to  a  restricted  competition, 
may  be  left  out  of  count  in  this  consideration,  as  it 
does  not  materially  affect  such  recovery  as  is  here  under 
consideration. 

In  each  of  these  instances  —  and  they  but  a  few 
examples  of  multitudes  of  known  varieties — there  has 
been  some  necrosis  produced,  as  an  indirect  consequence 
of  the  irritation  and  of  the  responses  thereto  ;  and  it  is 
produced  frequently,  in  part  by  the  directly  destructive 
actions  of  the  parasite  at  some  periods  of  its  life-history, 
and  in  part  by  the  indirect  effects  of  the  disorder  in  the 
responding  parts. 

§  i^i?.  Recovery,  then,  signifies  that  irritation  has 
relatively  or  entirely  ceased,  without  saying  how,  or  why, 
and  that  it  is  a  delayed  repair,  as  of  a  simple  injury, 
which  effects  the  best  compromise  possible.  In  so  doing 
it  has  to  deal  with  injuries  and  damages  of  different 
origins  ;  and  it  can  only  make  use  of  the  evolved  intrinsic 
reparative  attributes  of  the  cells  and  tissues  of  the  part, 
either  those  which  had  been  so  litde  irritated  that  they  are 
perhaps  able  to  revert  to  a  norm,  or  those  which  had  not 
been  at  all  irritated  ;  for  the  more  intensely  irritated  parts 
at  length  die. 

So  far,  it  has  not  been  distinctly  shown  here  that 
any  irritations,  with  the  responses  thereto,  are  unattended 
by  some  necrosis  at  some  period  ;  nor  has  it  been  clearly 
shown  that,  in  the  recovery  which  we  are  now  treating 
of,    the  state  of    true  irritation,   after    resulting    in    cell- 
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proliferative  responses  specifically  excessive  and  disorderly, 
the  irritated  cells  themselves  ever  truly  revert,  so  as 
that  the  responses  quite  recover  and  restore  the  norm 
by  a  series  of  steps  within  the  same  cells  and  their  living 
substance  which  had  been  so  specifically  irritated  in  a 
marked  degree.  And  we  meet  with  but  dim  indications 
of  such  a  conceivably  possible  reversion  of  a  previously 
irritated  cell-substance  to  a  normal  state,  only  at  the 
periphery  of  the  focus,  where  the  evidences  of  such 
irritation  having  been  present  are  not  very  well  marked, 
and  where  the  cells  which  do  efficiently  take  part  in  a 
repair  or  a  cecovery  may  possibly  all  have  been  normal 
as  certainly  some  of  them  were  ;  and  in  any  case,  if  some 
of  these  cells  had  been  irritated  at  aU,  and  had  responded 
as  a  result  thereof,  they  had  been  less  profoundly  so 
than  had  the  cells  nearer  to  the  centre  of  the  focus, 
which  alone  suffer  necrosis,  if  any  there  be. 

A  strong  presumption,  then,  is  made  out  in  favour  of 
the  view,  that  irritation  does  not  necessitate  a  necrosis 
of  aU  the  cells  in  a  focus  involved,  at  any  period  of  the 
series  of  events  ;  and  it  is,  I  think,  probable  that  some 
slighter  forms  of  responses  to  irritation  may  possibly 
revert  towards  a  norm  ;  while  it  is  certain  that  the  more 
intense  forms  of  response  result  always  ultimately  in  a 
necrosis  of  some  of  the  cells  ;  and  it  is  also  certain  that 
irritation  cannot  at  once  and  directly  kill,  for  then  no 
responses  could  follow. 

(§•)  There  are  many  gaUs  which  separate  themselves 
from  the  host  plants  while  both  the  gall  and  the  host 
plant  tissues  are  still  living  and  proliferating  ;  and  these 
demand  a  few  words  of  explanation,  in  connection  with 
recovery.  Such  separation  takes  place  by  specifically 
modified  and  directed  cell-proliferations  and  develop- 
ments which  ultimately  benefit  the  parasite,  and  even  are 
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necessary  for  its  persistence  in  life  ;  while  they  damage 
the  host  very  little,  if  at  all,  and  may  possibly  even  save 
it  from  other  injuries  or  risks  thereof. 

See,  for  example,  the  separation  of  the  galls  of 
Aphillothrix  gemma  from  the  developing  oak  bud,  or  of 
the  galls  of  Hormomya  fagi  from  the  leaves  of  beeches,  or 
of  the  galls  of  Biorhiza  renum  from  the  oak  leaves  in  late 
summer.  All  these  are  allied  to  some  forms  of  a 
recovery  process,  and  are  in  some  essentials  forms  in 
which  the  irritated  tissues  have  been  in  part  necrosed 
before  the  separation.  They  are  cases  of  an  injured  and 
damaged  part  patched  at  a  line  of  approaching  separation, 
not  forms  of  a  restoration  of  lost  tissue  or  organ  by  a 
reversion  of  the  same  cells.  Always  the  irritation  has 
previously  diminished,  if  not  ceased ;  and  always  the 
tissue  elements  which  effect  the  patch  are  those  which 
had  been  either  very  slightly  or  not  at  all  irritated,  and 
the  result  always  benefits  the  host  organism  somewhat, 
even  if  it  be,  as  it  is,  also  necessary  for  the  parasite. 

Such  a  dehiscence  as  throws  off  a  living  gall  from  a 
yet  living  plant-organ,  although  it  may  perhaps  be 
regarded  as  a  mode  of  ejecting  an  injurious  thing,  so  as 
to  reduce  as  far  as  possible  the  injury  it  might  otherwise 
occasion,  is  always  determined  by  the  essential  and 
necessary  interests  of  the  parasite,  as  is  seen  when  its 
whole  life-history  is  studied.  While  the  host  plant  derives 
only  those  advantages,  which  I  have  before  spoken  of  as 
due  to  the  economy  of  injury  in  irritation,  always  and 
necessarily  associated  with  parasitism,  and  such  advantages 
as  are  represented  by  the  production  of  a  tissue  or  surface 
apt'  to  repair  and  often  very  small.  Here  we  have  a  case 
of  imperfect  recovery  by  a  patch  formation,  not  by  a 
restoration,  and  apparently  without  any  appreciable  re- 
version to  a  norm  of  the  previously  irritated  cells  ;  and 
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here  also  the  responses  to  the  irritant  actions  are  not  the 
agents  by  which  the  irritation  is  cancelled. 

(h)  Many  ripe  galls  separate  from  the  plant  or  its 
organ,  apparently  much  after  the  manner  in  which  de- 
ciduous leaves  do,  so  that,  although  on  both  sides  of  the 
line  of  separation  the  tissues  live  and  grow,  at  least  in 
the  earlier  stages  of  the  process,  yet  at  a  later  stage,  on 
one  or  the  other  side  of  the  line,  the  cells  and  tissues 
cease  to  grow,  absolutely  or  relatively  ;  and  in  this  way 
the  actual  separation  is  largely  brought  about  by  the 
withering  and  death  of  the  part  to  be  separated  and 
often  under  the  immediate  influence  of  casual  impacts. 
The  dehiscence  of  many  capsules  is  largely  eflFected,  at  least 
in  its  later  stages,  by  desiccation  after  the  valves  are  dead  ; 
and  a  very  similar  series  of  events  is  seen  in  the  dehiscence 
and  separation  of  those  galls  which  gape  to  let  out  the 
gall-producers. 

In  like  manner,  whole  galls  are  often  separated  from 
the  plants  on  which  they  grow,  either  when  the  gall 
ripens,  withers  and  desiccates,  and  the  nearer  plant-tissues 
do  not,  or  vice  versa^  i.e.  when  the  gall  lives  and  the 
plant-tissues  wither  and  die.  For  an  example,  see  the 
fall  of  the  small  spherical  galls  of  Rhodites  eglanteri^e  from 
the  still  green  leaves  of  the  wild  rose.  In  these  cases 
the  detachment  of  the  gall,  there  is  reason  to  think,  is 
prepared  for  in  advance  by  a  definite  and  purposive 
cell-proliferation  with  development,  such  as  that  which 
prepares  for  the  fall  of  the  leaf,  and  the  actual  separation 
is  usually  determined  by  some  casual  mechanical  impact, 
such  as  rain  or  wind.  But  the  fall  of  the  gall  is  always 
for  the  advantage  of  the  gall-producer,  not  a  direct  effect 
of  the  struggle  of  the  plant  against  it.  In  such  a  case, 
the  same  mechanism  which  prepares  for  the  fall  of  the 
gall,  also  co-operates  in  the  repair  of  the  wound  resulting. 
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and  this  patch  is  all  that  here  stands  for  recovery ;  but  as 
the  leaf  also  soon  after  falls  by  a  very  similiar  series  of 
steps,  such  recovery  is  of  very  little  significance  to  the 
plant,  and  in  any  case  is  of  much  less  import  to  it  than  is 
the  dehiscence  of  the  gall  of  Aphillothrix  gemmae  from  the 
tip  of  an  oak  bud,  in  which  case  the  tissues  on  each  side 
of  the  line  of  separation  persist  in  life  for  a  shorter  or 
longer  period  after  the  separation. 

0  When,  as  often  happens  in  the  Dryophanta  folii  galls 
on  oak  leaves,  and  especially  in  the  spangles  which  yield 
species  of  Neuroterus,  the  gall  lives  and  grows  longer 
than  does  the  leaf,  the  organ  of  the  plant  on  which  it  has 
grown,  there  is  no  important  question  of  repair  or  of 
recovery  from  the  injuries  or  damages  to  the  plant  which 
are  due  to  the  gall  or  its  producer.  The  repair  of  the 
wound  due  to  the  frequently  antecedent  fall  of  the  leaf,  if 
wound  it  can  be  called,  has  no  relation  to  the  gall,  but  it 
is  a  normal  repair  of  a  normal  injury. 

In  such  cases  as  we  have  here  to  deal  with,  we  have 
examples  of  damaging  responses  to  irritations  without  any 
proper  subsequent  recovery  ;  because  the  irritant  actions 
and  the  responses  or  consequences  thereof,  often  due 
apparently  to  a  sort  of  inertia  of  growth  or  of  abnormal 
motions,  persist  in  the  gall  longer  than  the  tissues  of 
the  irritated  organ  normally  live  ;  although  these  tissues 
are  not,  as  in  so  many  other  allied  abnormal  processes, 
shortened  in  their  life-periods.  Such  irritations  are  in 
their  ultimate  consequences  at  least  locally  fatal,  although 
the  separated  and  fallen  spangle  may  live  for  months  for 
the  benefit  of  the  parasite. 

§  14c.  Thus  recovery  after  responses  to  irritation  is  not 
a  constant,  though  a  frequent  event,  and  it  is  therefore  not 
a  character  by  which  the  responses  to  irritation  can  be 
distinguished.     The  frequent  fall  of  spangles  by  a  sort  of 
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dehiscence  before  the  leaf  falls,  does  not  impair  the  value 
of  this  inference.  In  such  cases  the  line  of  separation 
seems  to  be  between  a  living  gall  and  a  dying  leaf-tissue  ; 
the  actual  leaf  fall  may  occur  later,  but  it  is  very  soon 
after.  The  processes  of  growth  and  development  taking 
place  within  the  separated  spangle,  after  this  period,  have 
no  direct  relation  to  the  host  plant,  either  of  repair, 
recovery,  or  otherwise,  and  are  of  import  to  the  irritant 
only  ;  although  that  they  do  in  fact  occur,  is  very  sig- 
nificant in  connection  with  the  question  of  the  nature  of 
the  cryptic  changes  of  cell-substance  called  irritation,  and 
with  the  question  of  the  significance  of  the  cell  as  a 
potential  organism. 

In  all  these  cases,  either  necrosis  or  its  frequent 
equivalent,  separation,  or  both,  take  place  ;  and  this  may 
be  either  of  the  whole  or  of  a  part  of  the  gall  or  cecidium  ; 
and  it  matters  little  for  my  question  whether  the  gall 
separates,  or  is  separated,  while  yet  it  is  living,  or  after 
it  is  necrosed.  In  either  case,  recovery,  if  it  occurs  at 
all,  is  represented  only  by  a  sort  of  patch  at  the  point 
of  separation,  with  which  patch  the  separated  gall  has 
no  concern  :  and  although  the  separated  new  growth 
may  persist  in  life  for  a  long  time,  and  its  cells  may 
proliferate,  the  host  plant  has  no  direct  concern  with  this, 
which  is  of  import  only  to  the  irritant,  the  gall-producer. 
In  none  of  these  cases  is  any  recovery  proved  to  occur 
by  a  true  reversion  of  the  actual  cell-substance  which  has 
been  distinctly  irritated  to  a  perfectly  normal  state  ; 
and  in  most  of  them,  such  reparative  patching  as  is 
observed,  is  derived  from  the  nearest  tissue  elements 
which  had  either  not  been  irritated,  or  only  very  slightly 
so.  In  some  other  instances,  as  has  been  said,  the  peri- 
pheral tissues  which  are  apparently  only  very  slightly 
irritated,  if  at  all  so,  seem  able  to  revert  in  the  direction 
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of  a  norm  ;  but  these  are  then  always  in  immediate 
contact  with  quite  normal  tissues,  to  which  some  important 
influences  must  be  accorded. 

So  far  then  recovery,  as  shown  in  plant  galls  and  in 
other  cecidia,  is  not  in  its  essentials  clearly  distinguishable 
from  a  simple  repair  of  massive  injuries  :  the  only  point 
left  in  some  doubt  being  the  reality  or  extent  of  the 
capacity  to  revert  towards  or  to  a  norm,  exhibited  at  or 
near  the  periphery  of  some  galls  ;  and  this  is  seen  only 
after  the  interests  of  the  gall-producer  have  been  in 
some  way  secured,  whether  the  gall  has  necrosed,  or  has 
separated  as  a  living  mass. 

Although  I  have  spoken  here  at  some  length  of 
separation  of  galls,  or  of  necrosed  parts  of  them,  it  must 
be  remembered  that  not  all  of  them  do  actually  separate 
from  the  plant.  Many  remain  continuous  with  it  for 
years  after  their  death  and  desiccation,  as  do  dead  ex- 
tremities of  axes  ;  and  then  they  are  dealt  with  in  a 
similar  manner,  that  is,  a  layer  of  a  sort  of  cork  tissue 
intervenes  between  the  dead  and  the  living,  and  may 
serve  to  protect  the  host  plant  somewhat.  Thus  we 
have  a  reparative  patch  to  represent  an  imperfect  recovery, 
and  one  which,  both  in  plants  and  animals,  is  in  some 
degree  comparable  with  what  is  known  in  the  latter  as 
encapsulating  fibrosis,  or  a  scar  formation. 

This  result  is  due  to  a  process  essentially  the  same 
as  that  seen  in  a  separation  of  some  normal  type  ;  and 
it  is  a  reparative  one,  resulting  in  an  isolation  of  the 
useless.  But  there  is  no  good  evidence  to  show  that 
during  such  a  process  any  true  reversion  of  any  distinctly 
irri-tated  cell-substance  to  a  norm  plays  an  important 
part.  It  is  only  a  case  of  a  repair  by  a  compromise  after 
irritation  has  relatively  ceased,  not  of  a  recovery  in  which 
the  products  of  response  to  irritation  are  themselves  the 
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essential  agents  of  repair  or  of  recovery,  or  the  means 
by  which  irritant  actions  are  cancelled,  separated,  or 
annulled  in  any  way.  In  no  case  is  recovery,  though 
a  delayed  repair,  to  be  confused  or  mixed  up  with  the 
responses  to  irritation,  as  is,  I  think,  too  often  done. 

§.  14-3'  (/)  Although,  in  another  connection,  the  remark- 
able features  of  autonomy  of  growth  seen  in  the  Nematus 
galls  on  willows  have  been  spoken  of,  they  must  be  again 
here  referred  to  in  connection  with  recovery. 

The  growth  of  perfect  roots  from  the  Nematus  galls  of 
S.  purpurea,  under  circumstances  which  show  a  complete 
independence  of  the  gall-producer,  and  of  the  host  plant, 
strongly  indicates  the  remarkable  autonomy  of  this  gall ; 
and,  if  in  a  less  degree,  also  the  attributes  of  the  cell 
as  a  potential  organism.  Such  productions  of  a  normal 
organ  from  an  abnormal  mass  of  tissues  which  had 
certainly  been  very  profoundly  modified  by  irritation, 
also  indicates  with  sufficient  clearness  and  certainty  the 
possibility  of  a  reversion  towards,  and  even  possibly  to, 
a  norm  of  a  previously  irritated  cell-substance.  This 
is  a  most  important  fact,  and  one  which  at  present  stands 
very  much  alone.  Such  growth  cannot,  however,  be 
regarded  as  an  instance  of  a  true  recovery. 

The  process  of  the  root-growth,  reversion  to  a  normal 
organ  though  it  be,  is  not  directed  by,  or  of  benefit  to,  the 
host  organism  ;  rather  it  presents  us,  in  the  result,  with  an 
example  of  what  Loeb  calls  heteromorphism  in  animals, 
seeing  that  roots  are  not  normally  produced  by  the  leaves 
of  this  plant ;  they  are  in  this  case  wrongly  placed,  and 
they  show  no  true  relations  of  fitness  either  to  parasite  or 
host.  The  result  is  not  a  true  recovery,  nor  even  a 
compromise.  Aberrant  as  such  root-growths  are,  they  do 
show  that  the  cells  of  the  gall  have  retained,  with  their 
proliferative  faculties,  in  some  degree  a  capacity  for  rever- 
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sion,  in  virtue  of  which,  under  conditions  of  cultivation 
favourable  to  root-growth  from  stem  cuttings  of  the  same 
plant,  they  can  and  do  revert  so  far  towards  a  normal 
whole  plant,  as  to  produce  roots  even  more  readily  than 
do  stem  cuttings  of  equal  bulk.  On  this  ground  they  are 
of  very  great  if  indirect  interest  in  regard  to  the  question 
of  recovery  from  the  effects  of  irritation  in  plants,  and, 
more  than  any  other  known  example,  show  at  least  the 
possibility  of  a  recovery  by  reversion  in  plants  as  dis- 
tinguished from  recovery  by  patch  or  replacement,  such 
as  is  seen  in  a  scar,  grown  from  the  nearest  normal  cells, 
or  from  the  less  distinctly  irritated  ones  at  the  periphery 
of  a  gall.  Such  root-growth,  however,  only  then  occurs 
when  the  irritation  has  relatively  ceased. 

I  know  of  no  instance  of  recovery  in  plants,  whether  by 
reversion  or  by  patch,  without  a  previous  complete,  or  at 
least  considerable,  cessation  of  irritant  actions.  I  know  of 
no  instance  of  any  recovery  in  which  this  cessation  or  great 
diminution  of  the  irritation  is  brought  about  by  the 
processes  of  response  themselves,  tending  to  cancel  the 
actions  of  the  irritant,  or  to  expel  it,  and  so  to  indicate 
that  such  processes  represent  a  successful  struggle  by 
the  tissues  of  the  host  plant  against  the  irritant  cause  of 
the  response,  in  which  the  host  plant  is  the  victor  and 
the  irritant  the  vanquished.  Such  cessation  or  diminution 
of  irritation  as  is  met  with,  appears  always  related  to  a 
stage  of  development,  or  to  some  inherent  need  of  the 
parasite,  and  to  be  always  in  harmony  with  its  interests. 

Neither  do  the  responses  which  the  host  tissues  then 
show  in  a  modified  form,  then  or  at  the  later  stage,  con- 
flict with  the  interests  of  the  parasite  ;  but  rather  they 
still  harmonise  therewith  in  this,  the  declining  stage  of 
irritation,  as  they  did  in  the  earlier  growing  phases, 
during  the  development  of  the  gall  and  its  producer  ;  and 
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although  in  these  later  stages  the  host  plant  is  no  longer 
seriously"  damaged  by  the  responses,  and  in  some  cases 
may  be  benefited,  and  may  even  make  provision  in  ad- 
vance for  a  sort  of  imperfect  recovery  by  a  patch  ;  yet 
is  this  last  never  adverse,  and  is  often  very  beneficial, 
it  may  even  be  essential,  to  the  life  of  the  parasitic  species, 
as  may  be  seen  in  the  instances  given  of  the  dehiscence 
or  of  separation  of  living  galls  from  living  plant-organs. 

Herein  is  well  exhibited  again  the  economy  of  the 
disturbance  in  the  host  organism  which  parasitism  in- 
volves ;  in  virtue  of  which,  while  it  is  necessary  for  the 
parasite  that  the  host  should  live  and  the  tissues  of  the 
part  be  able  to  proliferate,  these  latter  are  not  more 
disturbed  than  is  absolutely  necessary  to  enable  the 
parasite  to  live  its  life  ;  and  so,  when  the  parasitic  irritant 
has  ceased  its  demands  as  such  upon  the  host,  the  tissues 
of  the  latter  can  and  sometimes  do,  either  by  a  reversion 
of  the  less  disturbed  cells,  or  by  a  patch  derived  largely, 
perhaps  chiefly,  from  the  not  disturbed  cells,  bring  about 
what  is  called  a  recovery,  although  in  many  cases,  when 
the  needs  of  the  parasite  so  demand,  the  host  tissues 
are  necrosed  ;  ■  and  in  that  state  they  may  also  serve  some 
of  the  purposes  of  the  parasite  in  that  locality. 

In  virtue  of  this  same  economy  of  disturbance  or 
irritation  of  the  living  cell-substance,  by  which  there  is 
conserved  for  the  host  plant  the  possibility  of  a  recovery 
of  some  sort  and  degree,  in  or  near  the  focus,  there  occurs 
also  the  excessive,  perverted,  or  perturbed  cell-prolifera- 
tions, directed  or  misdirected  by  the  irritant  so  as  to  serve 
its  needs,  which  characterise  the  responses  seen  in  galls 
and  in  other  cecidia ;  so  that  the  intrinsic  reparative 
proliferative  faculties  of  the  tissue  elements  are  primarily 
the  foundations  and  sources  both  of  the  damaging  re- 
sponses to  irritation,  and  of  the  repair  or  recovery  from 
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such  damage,  when  it  does  occur,  which  it  does  in  some 
degree  frequently. 

Hence,  throughout  the  whole  process  of  the  damaging 
responses  to  irritation,  however  severe  the  damage  may 
be,  and  however  destructive  the  result  may  be  to  the 
part  involved,  the  amount  and  intensity  of  the  disturbance 
or  irritation  of  the  living  cell-substance  must  always  be 
such  as  does  not  directly  destroy  this  faculty  of  cell- 
proliferation  ;  indeed,  it  often  increases  it  locally  and 
temporarily,  even  when  misdirecting  it  disastrously  for 
the  host  plant,  at  the  parts  chiefly  involved,  which  are 
then  seats  of  an  intense  irritation  and  inflammation. 

Recovery  by  a  local  reversion  is  in  such  cases  unknown, 
and  is,  I  think,  impossible  ;  although,  when  the  galls  end 
in  a  necrosis  and  a  separation,  recovery  by  patch  may 
be  met  with,  when  the  irritant,  whether  a  parasite  or  not, 
is  also  somehow  cancelled  or  separated,  and  apparently 
then  for  the  mutual  benefit  of  the  host  and  the  irritant. 

§  i^e.  (k)  It  is  often  otherwise,  when  such  an  irritant  is 
present  as  a  colony,  and  reproduces  its  kind  in  or  so  near 
to  the  focus  involved  as  to  reinfect  and  so  to  interfere 
with  recovery  by  patch,  the  new  local  infection  causing 
the  damaging  responding  process  to  spread.  As  has  been 
said,  recovery  is  not  a  constant  result  after  a  plant 
organism  has  responded  to  irritation  ;  for  the  irritation 
may,  and  often  does,  persist  or  recur  during  the  whole 
period  of  the  life  of  the  plant  or  of  the  organ  of  it  affected  ; 
and  then  the  necessary  condition  precedent  of  recovery, 
that  is  to  say,  the  relative  cessation  of  irritation,  is  wanting. 

Nevertheless,  during  even  these  irrecoverable  and 
gravest  forms  of  the  responses  to  irritation,  the  funda- 
mental intrinsic  faculty  of  cell-proliferation  persists  so  long 
as  life  lasts,  and  it  must  assert  itself  in  some  degree  ;  and 
such    normal  attributes    inherent  in    an  organism,  in  its 
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origin  and  nature,  are  present  as  consequences  of  the 
economy  of  disturbance,  or  of  irritation,  which  is  a  law 
of  parasitism,  and  is  needful  to  an  established  parasite, 
whether  or  no  it  be  advantageous  for  the  host.  Nor  is 
this  truth  in  any  degree  impaired  in  its  significance  by  the 
fact  that,  by  the  exertion  of  these  normal  faculties,  under 
influences  by  which  they  are  misdirected,  even  stimulated, 
no  results  occur  which  are  materially  advantageous  to  the 
host,  and  no  recovery  takes  place  either  by  reversion  or 
patch,  in  a  multitude  of  cases  ;  that  is  to  say,  when  such 
misdirection  persists  or  is  repeated  or  spreads,  and  is  not 
cancelled  by  any  causes,  whether  in  the  irritant,  or  in  the 
host,  or  in  neither. 

The  whole  group  of  simply  and  purely  destructive 
actions,  as  distinguished  from  the  irritations,  I  leave  here 
out  of  count ;  although  gradations  are  met  with  between 
the  two  sets  of  actions,  which  would  repay  a  careful  study. 
I  mean  by  destructive  actions  those  which  by  their 
severity  prevent  any  vital  responses,  proliferative  or  other 
— as,  for  example,  when,  by  heat  or  by  a  chemically  acting 
caustic,  tissues  are  at  once  killed,  whether  dissolved  or 
removed  matters  not.  But  such  destructive  actions,  if 
local,  and  not  in  their  own  nature  spreading,  often,  I 
think  perhaps  always,  show  at  their  outer  limits  some 
reparative  proliferative  responses,  that  is  to  say,  where 
they  are  not  fatal  or  destructive  ;  and  they  may  there  be 
irritating  for  a  narrow  zone,  outside  of  which  even  this 
change  ceases,  and  effective  repair  then  dominates  there 
as  a  necessary  consequence  of  the  nutritive  life  of  the 
part,  just  as  in  a  case  of  a  simple  injury.  See  the  margins 
of  a  wound  caused  by  a  coarsely  feeding  larva.  But, 
where,  as  often  happens,  the  destructive  actions  spread, 
and  do  so  as  fast  as  any  vital  responses  can  occur,  then 
none  can  follow,  and  such  cases  have    no    place    in    the 
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consideration  of  a  recovery  of  any  kind,  or  of  a  repair, 
nor  are  they  irritations. 

There  are,  however,  great  groups  of  cases  in  which  the 
agents  of  injury  and  of  irritation  multiply  and  spread  so 
fast  as  to  make  recovery  there  and  then  impossible  ; 
yet,  during  such  multiplication  and  spread,  they  may 
act  temporarily,  locally  as  irritants,  give  rise  to  cell- 
proliferative  and  other  responses  more  or  less  obvious, 
the  products  of  which  often  very  soon  decay  and 
disintegrate,  and  never  heal  at  the  periphery  of  the  focus, 
because  the  irritant  actions  there  persist  and  spread,  and 
lead  to  destruction  too  rapidly,  even  though  indirectly. 
Such  agents  of  rapidly  spreading  injury  and  irritation  are 
often  parasitic  fungi  or  bacteria,  and  they  may  kill  the 
whole  organism,  without  ever  reaching  any  distinct  limit- 
ing line  of  tissue  capable  of  an  efficient  repair,  or  of 
recovery  ;  although  they  had  produced  some  perturbed 
proliferative  responses  tending  to  early  necrosis  and 
disintegration. 

Here,  the  irritant  itself  is  only  indirectly  destructive, 
and  the  intermediary  response  is  a  proliferative  reaction, 
but  itself  is  very  rapidly  damaging,  and,  even  if  only 
indirectly,  is  destructive  to  the  organism  or  its  part  ;  yet 
is  it  also  due  to  the  intrinsic  normal  reparative  faculties 
of  the  same  organism,  as  misdirected  by  the  irritant  and 
for  its  benefit  ;  as  in  many  cases  is  shown  in  plants  by 
the  beneficent  results  to  it  of  such  necrosis  as  often 
follows,  to  the  progeny  of  the  parasite  by  providing  for 
its  nutrition  or  dispersion. 

Thus  a  fatal  destructive  result  often  follows  irritation  of 
the  affected  organism  or  its  part,  and  no  recovery  of  any 
form  is  possible  under  such  conditions  ;  although  the 
process  is  one  in  which  the  reparative  faculties  of  cell- 
proliferation    and    development    had     been    throughout 
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operative,  had  indeed  been  the  agents  of  destruction  ; 
the  automatic  reparator,  that  is  to  say,  the  cell,  having 
been  coerced  into  lines  of  action  opposed  to  its  own 
requirements,  but  demanded  by  those  of  the  parasite. 

If  any  responses  to  irritant  actions  can  with  propriety  be 
spoken  of  as  indications  of  a  struggle  of  the  organism 
against  the  irritant,  which  may  perhaps  be  disputed  or 
qualified,  it  cannot  be  doubted  that  such  struggle  fails 
utterly  in  these  forms  ;  and  in  the  forms  in  which  the 
irritant  actions  terminate  somehow,  and  a  recovery  of 
one  or  other  kind  eventuates,  it  is  not  less  certain  that 
the  termination  of  the  irritant  actions  is  not  an  effect  of 
the  responses  in  question,  but  takes  place  in  accordance 
with  the  inherent  requirements  of  the  parasitic  irritant 
by  changes  in  it,  and  normal  to  it.  So  that  in  these  cases 
the  asserted  struggle  against  the  irritant  is  quite  without 
beneficent  effect  to  the  organism.  Rather  must  it  be  said 
that  the  responses  to  the  irritant  actions  serve  the  irri- 
tant's interests,  and  so  long  as  they  endure  almost  ignore 
those  of  the  responding  organism,  often  operate  to  its 
serious  damage  ;  and  only  when  the  irritant  actions  cease, 
relatively  or  absolutely,  can  recovery  take  place  of  any 
type  ;  nor  then,  unless  some  essential  part  of  the  affected 
organism  remains  outside  of  the  whole  process,  and  not 
seriously  influenced  by  it. 

In  this  sense  recovery,  when  it  occurs  in  plants,  at  least 
in  galls,  etc.,  is  not  a  consequence  of  the  asserted  struggle 
against  the  irritant  ;  rather  it  is  a  result  of  the  cessation 
of  the  irritant  actions,  and  of  persisting  normal  intrinsic 
reparative  powers  then  become  dominant  and  no  longer 
misdirected.  Such  a  cessation  of  irritant  actions,  when  it 
occurs,  is  due  to  causes  irrespective  of  the  reactions  or 
responses  here  dealt  with,  and  it  is  commonly  due  to  a 
phase  of  a  part  of  the  life-history  of  the  irritant. 
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§  15.  In  this  section  I  have  dealt  almost  solely  with  the 
responses  to  irritation  of  parasitic  origin,  because  they 
are  more  characteristic  and  instructive,  and  have  therefore 
been  studied  with  more  definite  results  ;  but  I  do  not 
for  a  moment  doubt  that  non-parasitic  agents  of  injury 
also  can,  and  often  do,  if  persistent  or  repeated,  act  as 
irritants,  and  then  determine  responses  which  are  related 
to  their  extrinsic  causes,  very  much  as  are  those  I  have 
already  spoken  of  ;  that  is,  the  effects  and  causes  measure 
each  other. 

Here,  I  need  only  add  that,  so  far  as  I  have  been  able 
to  learn  from  observation  and  books,  such  traumatic  or 
not  parasitically  caused  responses  are  less  strikingly 
specific  in  form  and  structure  than  are  the  responses 
to  true  parasitic  irritations,  show  a  much  closer  resem- 
blance to  the  responses  to  a  pure  trauma,  i.e.  those 
seen  in  a  simple  repair,  are  sometimes  less  rigidly 
localised,  and  sometimes  are  so  widely  diffused  in  the 
responding  organism  as  to  approach  somewhat  to  those 
changes  of  form  and  structure  commonly  considered  as 
due  to  "  habit  of  growth,"  or  to  the  more  diffused  changes 
in  the  environment  ;  suggesting,  indeed,  though  not 
proving,  a  possible  mode  of  origin  of  some  varieties. 

In  this  section  I  have  also  dealt  with  the  three  groups 
of  accepted  facts  which  involve  repair.,  inflammation  or  its 
equivalent,  and  recovery  in  plants,  and  in  so  doing  have 
under  the  nine  heads  given  above  included  the  essentials 
of  all  the  important  phenomena  known  in  them,  or,  I 
think,  in  animals,  in  relation  to  the  above  three  groups  of 
accepted  facts  ;  and  this  will,  I  hope,  be  made  more  clear 
in  the  following  section. 
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SECTION  III 

THE  QUESTIONS  ASKED,  SIMILARLY  SUBDIVIDED,  STUDIED 
SO  AS  TO  SHOW  THE  MUTUAL  RELATIONS  OF  THE 
FACTORS  INVOLVED,  IN  THE  THREE  GROUPS  OF 
ACCEPTED  FACTS,  AND  THEIR  MANIFESTATIONS  IN 
ANIMALS 

§  16.  With  objects  in  view  similar  to  those  which 
directed  the  previous  section  on  plants,  I  will,  on  grounds 
of  expediency,  in  dealing  with  animals  postpone  repair,  and 
take  prominently"  the  series  of  changes  known  as  inflamma- 
tion in  man,  and  at  present  I  will  assume  a  no  more  close 
analogy  between  them  and  the  phenomena  met  with  in 
plants,  than  such  as  may  justify  a  careful  comparison  and 
study. 

In  so  doing,  it  at  once  appears  that  all  the  nine  heads 
under  which  the  question  of  responses  to  injury  and  to 
irritation  has  been  studied  in  plants,  which  collectively 
contain  the  essentials  in  them,  are  also  presented  to  us  in 
observing  inflammation  in  its  typical  forms  in  man  and  in 
the  higher  animals  ;  and  it  becomes  needful  to  inquire  how 
far  they  also  contain  its  essentials  in  what  is  or  may  be 
accepted  as  inflammation  in  all  animals,  so  as  to  ascertain 
in  what  animal  organisms  that  process  can  be  observed. 

In  typical  inflammation,  as  seen  in  man  and  in  the 
higher  vertebrates,  however,  the  phenomena  are  much  more 
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complex  than  in  plants,  and  they  are  in  many  respects 
more  difficult  to  observe,  to  experiment  upon  and  to 
explain,  than  are  those  of  the  responses  to  irritation  seen 
in  plants.  Hence  has  resulted  a  great  diversity  of 
opinion,  both  as  to  the  actual  facts,  in  respect  of  their 
order  and  importance,  and  in  regard  to  the  theories  by 
which  they  are  attempted  to  be  explained.  Indeed,  such 
diversity  amounts  to  a  chaotic  confusion,  and  conflict  of 
view  so  great  as  to  have  led  some  very  competent  patho- 
logists to  suggest  the  abandonment  of  the  word  and 
even  of  the  idea  of  inflammation. 

Thus  Andral,  in  his  preface  to  the  Precis  a  Anatomic 
Pathologique  (1832),  says  that  he  has  not  described  the 
complicated  diseased  condition  called  by  authors  inflam- 
mation, but  has  chosen  rather  to  deal  with  the  separated 
and  yet  connected  disease-states  it  presents,  and  to  avoid 
the  use  of  the  word  inflammation  altogether.  He,  in 
short,  seems  to  give  up  altogether  the  inflammation  idea 
as  then  it  was  accepted. 

Thoma  also,  in  1886  (Berl.  Klin.  IVochenschr.),  expressed 
the  view  that  the  inflammation  idea  under  the  then  present 
conditions  should  be  abandoned,  because  he  despaired  of 
the  adoption  of  a  definition  ;  and  yet  thought  one 
necessary,  because  the  then  existing  idea  he  held  to  be  so 
general  and  indefinite  as  to  possess  no  real  connection  with 
facts,  and  because  it  included  many  disease  phenomena, 
the  ideas  of  which  are  derived  from  repeated  analogies, 
and  not  from  direct  observations  of  facts. 

These  suggestions,  however,  have  not  so  far  received 
wide  support,  and  as  the  phenomena  in  all  cases  remain, 
are  important,  and  demand  attention,  they  are  not  likely 
to  be  supported,  unless  the  word,  or  the  idea,  or  both, 
are  supplanted  by  others  more  conformable  with  facts, 
and  more  harmonious  views  are  thus  formed. 
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Even  Andral  and  Thoma  themselves  have  not  been 
able  to  avoid  dealing  with  the  phenomena  which  the 
inflammation  idea  includes,  and  their  works  show  that 
some  such  idea  has  been  necessarily  present  in  their  minds. 

Notwithstanding  these  difficulties,  however,  the  study 
of  typical  inflammation,  which  has  been  pursued  since  the 
dawn  of  history,  and  partly  on  account  of  its  theoretical 
interest,  has  received  so  large  an  amount  of  attention  from 
some  of  the  ablest  students  of  nature,  that  the  results 
reached  are  of  the  utmost  importance.  It  is  not,  I  think, 
excusable  to  despair  of  our  attaining  some  day  to  a 
consensus  of  opinion,  in  regard  to  the  problems  involved, 
as  nearly  general  as  is  usually  met  with  in  respect  of  other 
comparable  problems.  The  results  already  reached  are 
indeed  so  promising  and  instructive,  that  not  only  the 
student  of  animal  pathology,  but  also  the  phyto-pathologist, 
should  feel  obliged  to  take  them  into  careful  account,  or 
else  he  will  neglect  an  invaluable  part  of  his  own  question. 

This  is  so,  both  with  regard  to  the  observed  facts,  and 
to  the  theories  by  which  they  are  attempted  to  be 
explained  ;  and  as  some  of  both  are  in  some  ways 
difi^erent,  in  typical  inflammation,  from  those  which  have 
been  observed  and  taught  in  regard  to  the  responses  to 
irritation  shown  by  plants,  it  is  expedient  here,  in  dealing 
with  typical  inflammation,  to  use  a  rather  wide  latitude 
and  not  to  follow  with  too  great  strictness  the  lines 
suggested  by  the  nine  heads  as  exactly  as  I  have  done  in 
plants,  lest  the  comparison  to  be  instituted  between  the 
responses  to  irritation  in  the  two  kingdoms  of  nature 
should  not  be  quite  a  fair  or  judicial  one. 

§  17.  As  has  been  said,  all  the  essential  facts  included  in 
the  nine  heads  spoken  of  in  regard  to  plants,  are  also 
found  and  are  essential  in  typical  inflammation  in  animals  ; 
but  the  theories  by  which  they  have  been  attempted  to 
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be  explained  are  very  unlike  ;  and  in  typical  inflammation 
there  are  also  some  other  facts  met  with,  which  are  per- 
haps not  so  clearly  included  within  the  nine  heads,  or 
are  not  so  clearly  observed  in  plants  ;  and  the  theories 
explanatory  of  the  phenomena  necessarily  diflFer  somewhat 
from  those  which  have  been  suggested  above  in  regard  to 
plants,  and  they  may  even  apparently  conflict  therewith. 

This  truth  may  help  to  explain  the  fact,  that  most  zoo- 
pathologists  who  have  treated  of  typical  inflammation  do 
not  explicitly  recognise  any  analogy  between  it  and  gall  or 
cecidium  growth  in  plants,  and  some  have  explicitly  denied 
its  existence.  As,  however,  in  animals  not  less  than  in 
plants,  all  the  nine  heads  or  essential  subdivisions  of  the 
questions  studied  are  met  with,  and  in  them  also  include 
a  consideration  of  the  phenomena  as  a  whole,  they  must 
be  here  dealt  with  in  a  somewhat  similar  way. 

It  is  an  observed  fact  that  in  the  highest  animals  : — 

(i)  The  agents  of  injury  are,  or  may  be,  the  same  as 
those  met  with  in  plants.  They  may  be  non-parasitic  or 
parasitic.  Among  the  former  are  found  physical,  mechani- 
cal and  chemical  ones,  in  the  more  obvious  examples  ; 
and  among  the  latter,  with  or  without  the  non-parasitic 
agents,  also  some  ferments,  usually  then  among  the  less 
obvious  instances  of  injury,  thought  of  as  massive.  All  of 
these  have  in  human  and  in  animal  pathology  received 
careful  attention,  and  with  such  important  and  profitable 
results  that  the  phyto-pathologist  may  not  neglect  them. 

(2)  The  injury  is  also  in  essentials  the  same  for  each 
kingdom  of  nature,  and  in  each  it  implies  a  solution 
of  continuity  or  defect  of  tissue  elements,  or,  in  not 
massive  injuries,  perhaps  only  of  units  of  structure.  It  is 
a  passive  eff'ect  of  the  action  of  the  agent  of  injury.  In 
higher  animals  it  has  been  investigated  more  minutely, 
and  perhaps  with  greater  success  in  many  respects,  than 
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in  plants,  notwithstanding  the  greater  complexity  of  the 
investigation,  so  that  here  again  the  phyto-pathologist  has 
much  to  learn  from  the  zoo-pathologist. 

§  1 8.  (3)  The  irritant,  or  agent  of  irritation,  has  also  been 
studied  with  great  care  and  success  in  animals  ;  and  it  is 
accepted  as  being  often  closely  related  to  or  produced  by  a 
non-parasitic  or  a  parasitic  agent  of  injury,  in  animals  as 
in  plants.  Although  the  distinction  is  not  always  very 
clearly  kept  in  view,  the  irritant  is  in  both  of  them  separ- 
ated, at  least  in  thought,  from  the  agent  of  the  injury 
and  from  the  injury  itself,  which  is  therefore  not  held  to 
be  itself  necessarily  the  irritant,  in  the  sense  of  being  a 
constant  antecedent  or  concomitant  of  a  typical  inflamma- 
tion ;  although  it  may  be  and  often  is  so  spoken  of,  in 
regard  to  some  muscle,  nerve,  vascular  and  other  vital 
responses. 

Thus,  the  agent  of  injury  may  or  may  not  itself  be 
also  an  irritant,  or  an  agent  of  irritation,  in  the  sense  of 
the  term  as  here  used  ;  but,  seeing  that  all  the  various 
agents  of  injury  may  and  do  sometimes  so  seem  to  act 
as  irritants  as  to  determine  directly  or  indirectly  what  is 
known  as  inflammation  in  the  higher  animals,  they  are 
somewhat  too  generally  accepted  without  much  evidence 
as  irritants  in  this  sense  ;  although  their  relation  to 
irritants  is  not  a  constant  or  a  necessary  one,  but  is  a 
casual  one,  often  dependent  upon  degree  and  on  inter- 
vening factors. 

Then,  the  distinction  is  often  drawn  at  the  line  of 
destruction  ;  and  in  animals,  as  in  plants,  the  truth  stands, 
that  where  the  agent  of  injury  is  destructive  there  is  no 
vital  response  ;  and  although  immediately  outside  this 
limiting  line  pure  repair  or  a  regeneration  takes  place, 
if  and  when  no  truly  irritant  actions  intervene,  at  this 
very  zone  or  line  we  may  meet  with  true  irritant  actions 
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due  to  or  associated  with  the  same  agents  of  injury  as 
elsewhere  were  destructive  ;  but  acting  at  their  outer 
margins  with  less  intensity,  and  apparently  then  as  irritants. 
In  this  way  may  be  derived  the  idea  of  the  irritant  as 
an  injurious  agent,  not  itself  destructive  of  life  in  the 
tissue  elements  irritated,  yet  necessarily  in  some  way  or 
degree  injurious  to  them,  and  as  modifying  them,  in  their 
course  of  life. 

This  conception  of  the  irritant  and  of  its  action  is  the 
same  for  plants  and  animals  ;  it  is  common  to  the  parasitic, 
as  well  as  to  the  non-parasitic,  agents  of  injury  or  of 
irritant  actions,  and  it  is  also  complete  in  cases  where  there 
is  no  known  agent  of  injury  or  any  massive  injury. 

Put  more  shortly,  it  says  any  agent  of  injury  which 
acts  gently  so  as  to  injuriously  modify  but  not  destroy 
the  vitality  of  tissue  elements  may  be,  or  act  also  as,  an 
irritant,  and  then  the  irritant  stands  in  the  same  relation 
to  irritation  and  its  response,  inflammation,  as  does  the 
agent  of  massive  injury  to  the  injury  itself  and  to  its 
repair.  This  is  equally  so  in  plants  and  in  animals, 
although  the  responses  to  the  irritation  in  the  former  are 
not  as  yet  generally  accepted  as  inflammation,  or  even  as 
an  equivalent  thereof. 

The  study  of  the  non-parasitic  irritants  has,  I  think, 
been  more  carefuUy  and  perhaps  successfully  followed  in 
animals  than  in  plants  ;  and  in  any  case  we  have  a  greater 
mass  of  valuable  facts  accumulated  in  regard  to  them  ;  so 
that  we  know  somewhat  more  of  the  nature  and  eff^ects  of 
the  various  physical  and  mechanical  injurious  influences, 
and  of  the  chemical  substances  operative  in  the  production 
of  typical  inflammation  in  animals  so  set  up,  than  we  do 
of  non-parasitic  irritant  injurious  influences  or  substances 
in  plants,  or  of  the  responses  they  evoke. 

See,  for  example,  the  effects  in  experimental  research  of 
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the  application  to  a  responding  tissue  of  moderate  heat, 
mechanical  impacts,  and  some  substances  like  mustard  or 
iodine  or  croton  oil,  in  which  the  agent  of  irritant  action 
does  not  produce  an  obvious  injury  so  long  as  it  is  feeble 
in  its  action  or  brief  in  its  duration.  Thus  is  given,  not 
in  thought  only,  but  in  objective  fact,  the  irritant,  distinct 
from  the  agent  of  injury  or  the  injury  itself. 

It  is  otherwise  in  respect  of  parasitic  irritants,  at  least 
microscopic  ones,  which  until  the  last  quarter  of  a 
century  have  received  a  smaller  share  of  attention  from 
zoo-pathologists  than  have  non-parasitic  ones.  And  even 
now,  although  almost  daily  new  illustrations  of  the  great 
importance  of  microbic  irritants  in  higher  animals  are 
brought  forward,  there  seems  to  exist  in  the  minds  of  many 
pathologists  a  disposition  to  look  upon  non-parasitic 
irritants  as  the  more  important  and  more  instructive,  or  at 
least  to  retain  them  as  types  for  the  experimental  study 
of  the  responses. 

Since  the  labours  and  discoveries  of  Pasteur,  Koch  and 
Lister,  however,  there  has  been  a  very  marked  change 
in  this  respect  ;  so  that  more  attention  is  now  given 
to  microbic  parasitic  irritants,  and  comparatively  less  to 
non-parasitic  ones,  than  formerly  was  the  case,  and  in  this 
way  etiology  has  been  much  advanced  and  practice 
improved.  But  bacteriology,  as  studied  in  animals,  does 
not  quite  so  well  enable  us  to  view  the  question  from  the 
standpoint  of  the  irritant  parasite,  as  does  the  study  of 
galls  in  plants  due  to  higher  and  more  complex  parasitic 
organisms  ;  because,  perhaps,  we  know  so  much  less  of 
the  life-history  of  the  bacteria  than  we  do  of  the  Cynipidae, 
for  example  ;  and  also  because  the  responses  or  results  of 
the  irritation  produced  by  colonies  of  minute  parasitic 
organisms  show  in  many  respects  less  definitely  relations 
of  fitness  to  the  irritant,  although  they  do  of  the  reverse 
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to  the  host,  than  plant  galls  do  to  the  irritation  of  the  gall- 
producer. 

Hence,  although  in  the  higher  animals  in  which  chiefly 
typical  inflammation  has  been  studied,  it  is  now  generally 
conceded  that  some  pathogenic  microbes  intervene  when 
a  simple  wound  is  followed  by  the  series  of  changes  so 
named,  and  that  they  are  then  irritants  or  contain  them, 
yet  are  they  very  commonly  then  thought  of  as  important 
factors  only,  and  not  as  the  sole  irritants,  or  at  least  they 
are  less  positively  so  considered  than  are  the  gall-producers, 
and  apparently  in  large  part  because  the  results  do  not 
exhibit  in  the  same  degree  characters  fitly  related  to,  and 
specific  to  the  irritant,  or  at  least  not  obviously  so,  in  the 
majority  of  the  cases. 

The  factors  in  the  responding  processes,  which  in  these 
cases  are  sometimes  closely  related  to  the  non-parasitic 
agents  of  massive  injury  attending  or  preceding  the 
inflammation,  being  often  thought  of  as  of  more  relative 
importance  in  animals  than  they  are  in  the  corresponding 
cases  of  plant-injuries  and  irritations,  and  the  responses 
thereto  ;  and  the  irritant  being  thus  held  to  be  derived 
from  or  due  to  the  non-parasitic  as  well  as  the  parasitic 
sources,  or  to  both  combined,  as  indeed  sometimes  may  be 
the  truth,  a  conclusion  is  reached  which  diverges  in  many 
particulars  in  regard  to  the  parasitic  and  the  non-parasitic 
irritant  actions,  or  to  the  mixed  cases,  both  in  animals  and 
and  in  plants. 

In  these  cases  in  animals,  however,  it  should  be  observed 
that  the  parasitic  organism,  although  closely  or  even 
constantly  associated  with  an  irritant,  is  not  always  clearly 
shown  in  its  real  relations  thereto,  and  the  irritant  influence 
or  substance  is  not  often  so  clearly  separated  therefrom, 
as  it  is,  say,  in  plants,  in  the  case  of  the  willow  galls 
especially  ;  nor  is  it  so  clearly  discernible  separately,  as  in 
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the  cases  in  which  the  non-parasitic  agents  of  injury- 
become  irritants  at  the  periphery  of  the  often  destructive 
focus  involved,  where  the  same  influence  is  beUeved  to  so 
act,  as  an  irritant,  because  it  is  not  there  so  intense  as  to 
destroy  the  life  of  the  parts. 

Here  may  be  introduced  the  statement  that,  while  the 
agents  producing  a  massive  injury  may  sometimes  at  the 
margins  of  the  injury  act  as  irritants,  and  unless  they 
spread  as  destructives  as  fast  as,  or  faster  than,  the  tissues 
can  respond,  sometimes  do  so,  whether  they  are  parasitic 
or  not ;  yet  are  massive  injuries  not  constant  or  necessary, 
for  many  of  the  irritants  to  act  as  such,  and  so  for  irritation 
to  follow. 

This  truth  is  well  seen  in  animals,  perhaps  better  even 
than  in  plants  ;  and  although  nowadays  many  inflam- 
mations which  formerly  were  called  idiopathic,  because 
no  irritant  or  extrinsic  cause,  locally  acting,  could  be 
observed,  are  now  believed  to  be  due  to  microbic  para- 
sites in  which  an  irritant  influence  inheres,  although  the 
irritant  itself  as  yet  is  not  in  all  cases  positively  separated, 
e.g.  perhaps  in  tubercle  and  erysipelas  ;  yet  there  remain 
others  quite  Comparable  and  closely  analogous  to  them, 
of  which  neither  the  parasitic  microbe  nor  the  irritant 
itself  is  known,  the  existence  of  which  is  not  the  less 
accepted  without  much  question,  as  in  syphilis  and 
probably  variola  ;  and  in  all,  the  characters  of  the  responses 
afford  the  evidence  accepted  as  sufficient  to  show  that 
irritants  had  acted,  and  that  inflammation  had  followed. 

Thus,  more  shortly  put,  it  can  be  said  an  irritant  can 
act  as  such  with  or  without  previous  or  present  massive 
injury,  and  massive  injuries  may  be  produced  by  the 
agents  of  injury  without  necessarily  acting  as  irritants  ; 
so  that  a  distinction  is  sufficiently  well  marked  between 
the  actions  of  the  agents  of  injury  and  injuries,  and  of 
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irritants,  and  these  latter,  even  when  not  separately 
distinguishable,  are  confidently  inferred  in  some  true 
and  accepted  inflammations. 

In  animals,  the  employment  of  organic  and  inorganic 
irritant  substances  in  experimental  researches  on  inflamma- 
tion has  gone  beyond  any  similar  investigation  in  plants, 
with  results  which  accord  well  with  the  above  statements, 
and  justify  the  view  that  in  some  respects  the  irritant 
substances  and  influences  which  are  so  constantly  ante- 
cedents or  concomitants  of  typical  inflammation  in  higher 
animals  are  at  present  better  known  or  accepted  than  are 
any  equivalents  thereof  in  plants.  This  statement  stands, 
I  think,  although  it  is  also  true  that,  when  the  irritant 
inheres  in  a  parasitic  organism,  the  results  shown  in  the 
responses  are  more  obviously  specific  and  fitly  related  to 
the  irritants  in  plants  than  in  animals,  and  especially  so 
where  the  irritant  is  or  inheres  in  a  parasitic  organism  of  a 
complex  structure,  of  which  the  life-history  has  been  well 
and  successfully  studied. 

In  animals,  some  such  highly  developed  parasites  are 
also  fairly  well  known  and  have  been  studied  ;  but  even 
in  them  the  responses  which  follow  show  less  of  a 
specific  structure  in  a  fit  relation  to  the  irritant  than  do 
galls  in  plants,  and  are  commonly  but  little  more  than 
a  mere  capsular  fibrosis  or  a  patch  of  scar-tissue,  yet  are 
always  adequate  for  the  purposes  of  the  parasite,  and  are 
in  some  degree  damaging  as  regards  the  host,  although 
economical  of  disturbance  to  it.  On  the  whole,  there  can 
therefore  be  little  hesitation  in  concluding  that  the  student 
of  inflammation  in  man  has  something  important  to  learn 
from  the  phyto-pathologist  in  regard  to  the  irritant,  and 
also  has  quite  as  much  to  teach  ;  and  it  seems  not  less 
certain  that  the  student  of  general  pathology  should 
consider  both  plants  and  animals. 
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§  19,  (4)  The  irritation^  or  direct  effect  of  the  irritant  in 
action,  is  in  animals,  as  in  plants,  but  a  confident  inference, 
and  so  only  of  hypothetical  value  ;  yet  is  it  so  strongly 
supported  by  facts  as  to  justify  a  claim  for  its  con- 
sideration as  a  working  hypothesis. 

Certainly  it,  lilce  the  irritant,  may  claim  to  be  a  constant 
attendant  on  typical  inflammation.  With  various  concep- 
tions as  to  its  exact  significance,  nearly  all  pathological 
writers  employ  the  term,  and  are  influenced  by  the  idea, 
in  treating  of  typical  inflammation  ;  although  both  the 
word  and  the  idea  are  also  involved  in  other  disturbances 
of  living  tissue  and  tissue  elements,  and  often  are  not  so 
exclusively  thought  of  as  connected  with  inflammatory 
responses  as  I  have  endeavoured  to  show  is  here  legitimate, 
or  at  least  expedient.  However,  its  reality,  at  least  as  a 
necessary  constant  antecedent  and  concomitant  of  typical 
inflammation,  is  denied  by  some  pathologists. 

Thus  Samuel  (Entzundungsprocess,  1^73)  says,  "There 
is  no  irritant,  no  inflammatory  irritation  ;  the  primary 
histological  changes  in  inflammation  are  not  active  and 
histogenetic  ;  they  are  passive  in  nature."  But  many 
critics  of  the  idea  oppose  rather  Virchow's  conception  of  it 
than  the  thing  itself.  In  all  cases  of  irritation  in  plants 
and  animals,  whether  related  to  true  inflammation  or  not, 
it  must  be  held  to  signify  some  disturbance  of  the 
substance  of  a  living  tissue  or  tissue  element,  short  of 
arrest,  or  of  a  destruction  of  the  life  of  the  part ;  and  it  is 
followed  necessarily  by  some  vital  responses,  which  are  in 
all  cases  characteristic  in  some  degree  of,  and  due  to,  the 
evolved  reparative  attributes  of  such  tissue  or  tissue 
elements  ;  and  should  then  be,  although  too  often  it  is 
not  so,  recognised  as  also  somewhat  modified  by  the  said 
disturbance  or  perturbation,  and  then  as  also  characteristic 
of  such  perturbation  or  disturbance. 
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When,  as  often  occurs,  the  irritation  or  disturbance  is 
relatively  very  slight,  and  the  response  then  is  mainly, 
often  indistinguishably,  like  that  of  the  evolved  reparative 
regenerative  functions  of  the  tissue  or  tissue  elements,  it 
is  apt  to  be  confused  with  a  normal  stimulation,  with 
which  it  is  or  may  be  then  admixed,  as  in  many  physiological 
experiments  on  muscle,  nerve,  etc.,  and  after  operations. 

Thus  may  be  explained,  I  think,  the  fact  that  zoo-patho- 
logists  consider  the  responses  to  irritation,  although 
always  really  in  some  degree  specific  to  it  and  to  the 
irritant,  as  commonly  related  chiefly,  if  not  solely,  to  the 
intrinsic  reparative  faculties  of  the  responding  tissue  or 
tissue  elements,  although  both  intrinsic  and  extrinsic  factors 
must  co-operate. 

It  is  much  to  be  wished  that  the  word  stimulation 
should  be  thought  of  as  meaning  only  that  cryptic  change 
of  a  tissue  or  tissue  element  which  calls  forth  and  may 
increase  its  normal  response,  without  any  admixture  of  the 
perturbation  or  disturbance  spoken  of  above  as  irritation  ; 
but  as  in  nature  the  irritation  is  always  and  necessarily 
accompanied  by  an  active  exercise  of  the  said  normal 
faculties,  however  modified,  the  ideas  and  the  word  used 
to  indicate  them  have  become  often  somewhat  mixed  and 
even  confused.  As  Burdon-Sanderson  has  said,  the  irrita- 
tion which  sets  up  inflammation  should  be  called  "  injurious 
irritation,"  and  I  adopt  this  expression.  I  will  endeavour 
to  keep  the  ideas  distinct  here,  although  in  nature,  in 
animals  as  in  plants,  it  is  scarcely  possible  to  meet  with 
concrete  examples  of  irritation,  without  some  coexisting 
stimulation,  admixed,  and  certainly  intrinsic  responses 
'always  concur. 

§  i<)a.  In  animals  as  in  plants  irritation  is  here  thought 
of  as  a  cryptic  change  of  the  living  cell-substance  or  of  that 
of  the    cell-derivatives    or    complexes,  and  so    it    is    not 
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amenable  to  direct  observation.  Speculation  as  to  the 
nature  of  irritation  is  very  strictly  limited,  and  at 
present  but  little  profitable  ;  and  as  its  manifestations  in 
the  responses  must  be  the  best,  almost  the  sole,  bases  for 
any  such  speculations,  this  is  not  a  suitable  place  in  which 
to  speak  of  any  possible  ones. 

It  is,  however,  here  legitimate  to  say  that  in  animals  as 
in  plants,  and  in  typical  inflammation,  some  irritant  in 
action,  and  thus  some  "injurious  irritation,"  are  constant 
and  necessary  antecedents  and  concomitants  in  inflamma- 
tion, as  they  are  also  in  gall-growth  ;  and  this  is  not  now 
very  seriously  disputed,  I  think,  as  regards  higher  animals. 
This  statement  does  not  necessarily  imply  that  in  animals 
or  in  plants  all  irritant  actions  result  in  responses  which 
have  as  yet  been  generally  called  inflammation  or  its 
equivalent,  because,  in  some  common  and  even  legitimate 
uses  of  the  words  irritant  and  irritations,  some  of  the 
responses  are  not  usually  regarded  either  as  inflammations 
or  as  their  equivalents,  in  animals  or  in  plants.  See 
muscular  movements,  pains,  or  secretory  phenomena  in 
animals  ;  and  some  comparable  though  less  striking  phe- 
nomena in  plants,  many  of  which,  however,  approach 
more  nearly  to  the  responses  I  would  refer  to  stimulation, 
in  the  limited  sense  of  the  term.  Hence,  although  in 
higher  animals  it  can,  I  think,  be  said  that  without 
*' injurious  irritation"  there  is  no  inflammation,  it  cannot 
be  said  with  equal  certainty  that  with  irritation  of  any  kind 
or  degree  there  is  always  some  inflammation.  This  may 
be  so,  but  it  cannot  here  as  yet  be  affirmed  in  respect  of 
animals. 

The  same  may  be  said  of  plants,  only  for  them  the  words 
*' response  to  irritation"  must  at  present  be  used  instead 
of  inflammation,  and  the  question  at  issue  must  not  be 
assumed,   strongly  as   I   am   inclined   to   hold    that   such 
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responses  to  "  injurious  irritation "  as  are  seen  in  gall- 
growth  are  the  equivalents  of  a  true  and  typical  inflamma- 
tion in  animals.  I  come,  then,  to  the  hesitating  admission 
that  at  present  only  some  irritations  are  accepted  as  causes 
of  typical  inflammation  in  animals,  or  of  the  equivalents, 
thereof  in  plants,  if  these  be  granted  as  existing  in  them  : 
for  in  each  kingdom  there  are  responses  to  stimulations 
which  are  often  difficult  to  separate  clearly  from  those  to 
irritations,  if  slight. 

This  is  a  tenable  position,  and  I  think  a  sound  one, 
because  it  is  consistent  with  the  known  facts,  with  the 
specific  relations  of  fitness  seen  between  the  responses  and 
the  irritations  in  many  of  the  cases,  as  I  have  already  stated, 
in  plants  ;  and,  though  less  obviously  so,  also  in  animals. 
Also,  it  is  consistent  with  the  diversity  seen  in  the  irritants, 
and  in  the  consequences  their  actions  evoke  in  living 
organisms,  and  also  in  the  irritations  assumed  as  necessarily 
intervening  between  the  irritant  actions  and  the  responses 
thereto,  which  diversities  may  rightly  be  regarded  as 
specifically  related  to  both  cause  and  consequent. 

So  regarded,  it  is  somewhat  difficult  to  discuss  the 
"  injurious  irritation  "  by  itself  ;  for  it  is  not  amenable 
to  observation,  and  it  is  only  clearly  presentable  even 
in  thought  in  its  necessary  connections  with  the  irritant 
cause,  and  with  the  responses  it  evokes.  So  far  as  is 
possible,  however,  these  should  be  associated  simul- 
taneously. Although  it  is  needful  here  to  exclude, 
as  far  as  may  be  possible,  dealing  with  the  responses 
which  manifest  the  "  injurious  irritation  "  which  leads  to 
inflammation,  it  is  convenient  now  to  consider  for  a 
moment  what  it  is  that  is  irritated  and  responds  in  any 
true  inflammation. 

In  higher  animals,  not  less  than  in  plants,  this  in  the 
last  analysis  must  be  the  living  cell  or   the    living    cell- 
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derivative,  the  elementary  organism.  It  is  now,  I  think, 
universally  agreed  among  biologists  that  living  cell-sub- 
stance is  irritable,  that  is,  that  in  response  to  impulses 
from  without  it  exhibits  changes  of  form,  position, 
composition  and  structure  ;  is  sensitive,  and  mobile  ; 
also  that  its  most  constant  and  characteristic  attribute  is 
proliferation,  and  that  it  reproduces  its  kind  under  suitable 
nutritive  conditions.  Here  the  state  of  a  possible  irritation 
is  implied  in  the  existence  of  the  faculty  of  irritability,  and 
it  is  a  normal  one  for  the  living  cell  in  all  organisms,  plant 
or  animal.  The  state  of  "injurious  irritation,"  as  related 
to  the  abnormal  responses  called  inflammation  in  higher 
animals,  is  to  be  thought  of  as  an  abnormal  one  ;  and 
this  is  so  in  either  kingdom  of  nature.  It  is  always  such 
as,  while  it  leaves  the  cell  irritable  in  some  degree  and 
mode,  injuriously  modifies  its  manifestations,  as  the 
responses  show  ;  yet  is  it,  alike  in  animals  and  in  plants, 
itself  cryptic,  although  it  is  a  necessity  of  thought,  while 
so  cryptic  as  not  to  be  open  to  observation  directly. 

§  20.  (5)  The  responses  to  injurious  irritation  in  animals, 
seen  in  typical  inflammation,  are  the  characteristic  mani- 
festations of  it,  and  its  consequences.  They  have, 
notwithstanding  some  fairly  marked  difi^erences,  the  same 
ultimate  foundations  as  have  the  responses  to  "  injurious 
irritation,"  seen  in  plants,  in  that  they  rest  upon  the 
normal  irritability  of  the  living  cell-substance  or  cell- 
complexes,  as  modified  in  and  by  the  "  injurious  irritation  " 
by  the  action  of  the  irritant,  are  not  annulled  by  it,  but 
are  directed  or  rather  misdirected  by  it ;  and  so  they 
exhibit  etiological  as  well  as  consequential  relations. 

In  higher  animals,  in  typical  inflammation,  the  complexity 
of  their  structure  and  mechanism,  and  the  functional  and 
other  mutual  interdependences  of  their  parts,  involve  an 
equivalent    complexity    of    the    responses    to    "  injurious 
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irritations,"  as  compared  with  those  in  lower  and  less 
complex  animal  organisms  ;  and  still  more  so  as  compared 
with  plants,  in  which,  even  in  the  more  complex  ones,  the 
cells  and  tissues  of  which  are  so  much  less  immediately 
inter-dependent,  that  they  show  for  each  cell  a  greater, 
amount  of  autonomy. 

This  fact  may  help  to  explain  how  it  is  that  in  the 
responses  to  "injurious  irritation,"  as  seen  in  a  typical 
inflammation,  cell-proliferation  is  so  much  less  prominent 
or  obvious  a  feature  than  are  the  vascular,  nervous  and 
other  vital  responses  ;  which,  however,  are  never  in  a 
true  inflammation  quite  normal,  or  the  sole  ones,  and 
never  are  unmixed  with  some  perturbed  cell-proliferations. 
Herein,  however,  we  find  that  the  strongly  marked 
differences  in  the  characters  of  the  responses  to  "  injurious 
irritation  "  exhibited  in  a  typical  inflammation,  and  in  the 
responses  to  a  similar  irritation  seen  in  the  lowest  animals, 
and  even  in  the  highest  plants,  are  largely,  though  not 
solely,  due  to  the  divergent  intrinsic  attributes  or  reparative 
faculties  of  the  responding  things. 

It  should,  perhaps,  here  be  more  explicitly  stated  that 
the  vascular  and  nervous  responses  and  all  their  connected 
phenomena,  so  usually  accepted  as  characteristic  of  typical 
inflammation,  are  in  some  ways  and  degrees  always 
abnormal  and  damaging  to  the  responding  organism, 
always  involve  some  regressive  changes  in  the  focus,  and 
thus  have  led  to  the  general  adoption  of  a  fifth  sign, 
impaired  function,  as  an  addition  to  the  classical  four 
signs — heat,  redness,  pain  and  swelling. 

That  some  cell-proliferation  is  always  present,  and   is 
•then  more  or  less  in  disorder  as  regards  the  organism,  and 
often  in  a  local  excess  in  the  typical  inflammation  of  higher 
animals,  although  it  may  be  then  in  a  due  order  and  pro- 
portion as  regards  the  irritant  by  which  it  is  determined 
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and  misdirected,  is,  I  hold,  demonstrably  certain  ;  but 
this  view  is  not  the  one  generally  taught  ;  rather,  the 
commonly  accepted  teaching  still  is,  that  the  vascular  and 
other  such  responses  are  constant  and  characteristic  of  the 
inflammation,  that  the  cell-proliferations  or  accumulations 
are  of  later  or  secondary  import,  may  even  be  absent  ; 
and  the  direction  or  misdirection  of  the  responses  by  the 
irritant  is  not  the  generally  received  doctrine  for  typical 
inflammation  ;  which  takes,  I  think,  too  little  account  of 
the  species  or  varieties  of  inflammation,  and  is  concerned 
mostly  with  some  demanded  essentials  of  the  whole 
process  for  all  typical  inflammations  (see  Cohnheim). 

It  is,  however,  now  very  generally  ccepted  that  in 
many  of  the  lower  animals  cell-proliferation  in  disorder  as 
regards  the  responding  organism,  and  often  in  some  local 
excess,  is  a  more  constant  and  obvious  characteristic  of  the 
inflammatory  responses  to  "injurious  irritation,"  and  may 
perhaps  then  present  us  with  the  true  equivalents  of  a 
typical  inflammation,  than  it  is  in  the  higher  ones  ;  and 
I  do  not  now  hesitate  to  say,  that  it  is  the  most  constant 
known  response  to  "injurious  irritation,"  if  we  consider 
all  animals  as  subject  to  that  disease-process. 

As  cell-proliferation  has  already  been  shown  to  be 
the  most  constant  manifestation  in  the  responses  to 
irritation  in  plants,  it  comes  out  thus  as  a  constant  in  all 
organisms. 

In  animals  as  a  whole  it  is  less  certainly  shown  that 
proliferative  or  other  such  responses  are  directed  or  mis- 
directed by  the  irritant  actions  and  are  specific  thereto 
than  it  has  been  in  plants  ;  yet  is  the  evidence  for  this 
view  sufl&cient  to  show  that  in  animals  also  the  effects 
measure  and  are  measured  by  their  causes,  and  that  the 
responses  in  them  are  always  damaging  and  regressive, 
and  so  they  explain  the  fifth  sign  in  inflammation,  and 
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this  in  a  strict  relation  to  the  "  injurious  irritation  "  and 
its  cause,  the  irritant. 

It  may  be,  and  indeed  still  is,  disputed,  whether  the 
term  inflammation  can  now  legitimately  be  used  to 
signify  all  those  responses  to  "  injurious  irritation "  in 
lower  animals  and  in  plants  which  are  characterised  by  a 
misdirected  specific  local  excess  and  disorder,  in  regard  to 
the  aflFected  organism,  so  as  to  include  the  cell-prolifera- 
tions or  other  responses  seen  in  them,  and  thus  to  make 
them  all  in  a  sense  the  equivalents  of  a  typical  inflamma- 
tion ;  but,  of  the  close  and  real  analogies  between  all  the 
various  responses  to  "  injurious  irritation  "  seen  in  higher 
and  in  lower  animals  and  in  plants,  scarcely  a  doubt  can 
exist — at  least,  none  at  all  does  in  my  mind.  If  this 
view  be  granted,  the  break  between  the  characteristics  of 
the  various  responses  to  "  injurious  irritations "  seen  in 
higher  and  lower  animals  is  not  very  difficult  to  bridge 
over,  and  their  continuous  connection  with  plants  cannot 
well  be  disputed.  In  typical  inflammations,  as  seen  only 
in  the  higher  animals,  their  most  obvious  manifestations, 
whether  vascular,  nervous,  or  secretory  and  nutritive,  are 
not  less  in  disorder,  and  usually  in  excess  as  regards  the 
organism  affected,  than  are  the  proliferative  ones  when 
they  are  observed  ;  and  usually  the  former  tend  to 
obscure  the  latter,  at  any  rate  much  more  so  than  is  the 
case  in  the  lower  animals  and  in  plants. 

In  typical  inflammation,  therefore,  it  is  much  less  easy 
than  it  is  in  plants,  to  demonstrate  the  direction  or  mis- 
direction of  the  responses  set  up  by  the  irritant  through 
and  by  the  "injurious  irritation,"  and  to  show  that  the 
phenomena  manifested,  though  disorderly  in  regard  to  the 
responding  organism,  and  therefore  damaging  to  it,  are 
orderly  and  fitly  adapted  to  the  irritant,  and  directed  or 
misdirected  by  it.     Yet  is  this  truth  to  be  discerned  in 
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these  processes  also,  if  studied  in  all  animal  organisms  ; 
and  it  has  been  found  to  be  convenient  and  even  neces- 
sary to  do  so  on  many  grounds  ;  and  in  this  way  it 
results  that  in  all  essentials  such  relations  of  fitness  to 
the  irritant  are  discoverable  even  in  many  typical  in- 
flammations. 

§  21.  (6)  The  responses  to  massive  injuries  without  irritation 
— thatis^  simple  repair. — In  speaking  above  of  the  responses 
to  "  injurious  irritation,"  I  have  intentionally  avoided  much 
reference  to  the  massive  injuries  often  attending  them, 
because  they  are  not  constant  or  necessary,  although  they 
are  frequently  present  as  co-operative  factors,  or  sometimes 
as  conditions  precedent.  The  irritant  in  action,  the  irrita- 
tion, and  the  characteristic  responses  thereto  are  separated 
thus  rightly  from  the  responses  to  a  massive  injury  without 
irritation,  in  thought  and  in  fact.  In  animals  this  separa- 
tion is  in  some  respects  as  well,  or  perhaps  even  better, 
seen  than  in  plants. 

In  both  kingdoms  of  nature,  we  must  postulate  as 
necessary  for  the  persistence  of  living  organisms,  the 
possession  by  them  of  evolved  normal  reparative  faculties, 
by  which  they  deal  successfully  with  non-fatal  casual 
massive  injuries  ;  and  in  both  kingdoms  these  faculties 
must  rest  upon  the  normal  nutritive  irritability  of  the  cell, 
thought  of  as  an  elementary  organism  supplied  with 
growth-materials  or  placed  in  a  suitable  nutritive  environ- 
ment. In  the  higher  animals,  which  when  "  injuriously 
irritated "  suffer  inflammation,  the  responses  to  a  simple 
massive  injury  are  essentially  and  constantly  efficient  cell- 
proliferations  and  regenerations,  with  only  so  much  of 
vascular  and  other  equivalent  responses  concurring  as 
may  help  the  reparative  efforts.  This  is  a  simple  repair 
of  injury.  The  phenomena,  however,  still  rest  funda- 
mentally on  the  same  original  basis  as  do    those    which 
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manifest  "injurious  irritation,"  that  is,  upon  the  life  of 
the  cell  or  tissue  elements. 

The  conditions  necessary  for  such  a  repair  to  take 
place  are,  the  injury,  the  living  cells  nearest  not  irritated 
but  supplied  with  materials  of  growth,  and  an  environ- 
ment fairly  normal  for  the  organism,  so  that  its  cells 
and  cell-complexes  are  free  to  feed,  grow  and  functionate. 
Under  these  conditions,  we  find  that  living  cells  proliferate 
and  develop,  that  is,  regenerate,  in  accordance  with  their 
faculties  in  this  respect,  without,  or  with  but  little  or  no 
hindrance,  so  as  to  benefit  the  injured  organism  or  part, 
which  directs  the  responses,  both  cell-proliferative  and 
circulatory,  without  disorder  or  excess  or  appreciable 
damage  to  itself  ;  and  in  all  this  the  contrast  is  obvious 
between  a  repair  proper  and  the  responses  to  "  injurious 
irritation "  ;  and  it  is  the  same  in  all  animals  and  in 
plants. 

In  the  higher  animals,  in  such  a  repair  process,  it  is 
true  that  the  greater  velocity  of  the  vascular  responses 
may  make  them  more  obvious,  at  least  at  first,  than  the 
cell-proliferations,  just  as  in  the  responses  to  "injurious 
irritation,"  also,  they  appear  to  dominate  and  are  more 
striking;  but  such  vascular  responses  to  "injurious 
irritation,"  like  the  cell-proliferations  present,  are  then 
in  disorder  and  in  some  excess,  and  so  do  damage  to  the 
organism  ;  while  the  vascular  changes  attending  a  pure 
repair  of  a  simple  injury  are  well  co-ordinated  with  the 
cell-proliferations,  and  are  in  fact  to  all  appearance 
efficiently  directed  by  the  organism  or  its  part,  the 
purposes  of  which  they  serve  ;  so  that  the  distinction 
again  is  obvious,  in  the  process  and  in  the  result,  between 
repair  and  inflammation,  for  in  the  former  the  responses 
are  fitly  related  to  the  responding  organism. 

In  nature,  it  is  seldom  that  concrete  examples  are  met 
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with  of  a  pure  repair  in  a  highly  complex  organism  ; 
so  that  in  the  vertebrata  they  are  seldom  seen  quite 
unmixed  with  some  "  injurious  irritation,"  or  at  least 
with  some  hindrances  to  pure  repair  which  are  apparently 
of  intrinsic  origin  and  due  to  the  complexity  of  the 
structure  of  the  injured  organism.  Yet  are  these 
relatively  so  trivial,  when  compared  with  any  true 
"injurious  irritations"  derived  ah  extra^  that  the  general 
theory  of  repair  is  not  disturbed  by  this  admission. 

But  better  examples  of  pure  repair  are  met  with  in 
some  of  the  lower  animals,  which,  in  repair  as  well  as 
in  the  responses  to  "  injurious  irritation,"  zoo-pathologists 
have  been  driven  to  include  in  the  investisration.  In 
animals,  both  higher  and  lower,  as  in  plants,  the  product 
of  the  process  of  repair  is,  as  I  have  said,  distinguishable 
from  that  of  the  responses  to  "injurious  irritation,"  in 
that  it  exhibits  in  the  results  adaptations  and  relations 
of  fitness  to  the  injured  organism  or  part,  is  in  quantity 
approximately  proportionate  to  the  injury,  and  by  it 
some  fairly  effective  compromise  is  brought  about,  of 
permanent  service  to  the  organism  ;  so  that  its  quality 
is  thus  indicated. 

In  animals,  more  especially,  there  is  some  reason  to 
think,  in  those  higher  forms  in  which  typical  inflammation 
is  met  with,  such  repair,  though  not  more  constant,  is 
more  rapid  than  in  plants  ;  and  this  is  probably  due  in 
some  part  to  their  possession  of  specialised  structures  and 
mechanisms  for  circulation,  as  well  as  to  the  existence  in 
them  of  certain  tissues,  e.g.  the  vascular  connective 
specially,  endowed  with  high  reparative  cell-proliferative 
faculties  for  tissue  regeneration  ;  and  there  is  seen  also 
in  many  of  their  epi-  and  endothelial  tissues  a  similar 
provision,  which  perhaps  compensates  in  them  for  some 
relative  deficiencies,  in  these  respects,  of  similar  attributes 
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in  some  other  animal  tissues,  more  specially  endowed  in 
other  ways,  as  we  see  in  ganglion  cells. 

Repair,  at  least  in  the  higher  animals,  if  it  be  more 
rapid  than  in  plants,  is  more  limited  in  its  results  ; 
seeing  that,  although  it  very  rapidly  heals  over  or  unites 
wounds  and  even  regenerates  tissues,  at  least  of  some  kinds, 
though  not  all,  it  much  less  often  regenerates  organs  or 
members  in  them.  For  this  response  we  must  go  to  the 
lower  animals  to  find  comparable  faculties  for  such  regenera- 
tions, which  in  them,  as  in  plants,  are  often  complete,  and 
may  reproduce  even  a  whole  organism  under  suitable 
conditions  of  the  organism  and  of  its  environment. 

Responses  to  a  casual  injury  without  "injurious  irrita- 
tion "  intervening  are  then  exertions  of  evolved  faculties 
or  functions,  and  vary  with  the  intrinsic  reparative 
faculties  of  the  injured  organism  or  of  its  part.  For 
their  due  manifestations,  all  that  is  required  is  to  defend 
the  injured  organism  or  part  from  extrinsic  interferences 
with  the  exertion  of  such  a  normal  function,  and  to 
secure  normal  conditions  of  nutrition  ;  and  this  is  so 
for  all  animals  and  all  plants,  and  is  repair.  The  process 
is,  in  essentials,  the  same  for  both  kingdoms  of  nature, 
notwithstanding  some  less  important  differences,  and  the 
language  in  common  use  admits  the  oneness  of  the 
process,  of  its  results,  and  of  its  conditions. 

Although  this  oneness  of  repair,  as  to  its  essentials  in 
the  process  and  in  its  result  for  all  animals  and  all 
plants,  is,  I  think,  universally  accepted  ;  and  although 
this  response  to  casual  massive  injury  should  be  accepted 
as  resting  upon  the  self-same  vital  attributes  or  faculties 
of  the  cell  as  do  the  responses  to  "injurious  irritation"  ; 
yet  is  it  not  quite  generally  accepted  among  patho- 
logists that  the  responses  to  "injurious  irritation" 
belong  to  the  same  category  in  all  organisms  ;    and  these 
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latter  are  called  inflammation  in  the  higher  animals — and 
indeed  nowadays  sometimes,  though  not  often,  also  in 
the  lower,  although  not  even  then  in  its  typical  form  ; 
and  when  responses  to  "  injurious  irritation "  are  met 
with  in  plants  they  are  by  most  pathologists  not  so  named, 
are  indeed  commonly  left  unclassed.  For  this  distinction 
I  see  no  good  reason,  and  I  have  seen  none  stated  which 
will  bear  a  critical  examination. 

The  use  of  the  term  response  in  respect  of  a  pure 
repair  process  is  convenient,  and  difficult  to  do  without  ; 
but  it  does  not  mean  quite  the  same  thing  as  it  does 
when  it  is  used  in  regard  to  irritant  actions,  closely 
related  as  are  the  two  ideas.  In  a  response  to  a  simple 
injury,  it  is  here  said  that  the  organism  or  its  part, 
normally  functionating,  though  under  an  unusual  con- 
dition, directs  such  a  response  in  lines  normal  to  it ;  and 
to  this  end  it  does  not  demand  and  must  not  have  any 
new  or  interfering  extrinsic  irritant  influence  acting  so 
as  to  determine  the  response  or  direct  or  misdirect  it, 
but  it  uses  to  this  end  only  its  own  intrinsic  evolved 
reparative  powers  or  faculties. 

Leaving  for  the  moment  as  an  open  question,  whether 
or  no,  in  normal  nutrition,  growth  and  repair  of  waste,  a 
normal  growth-enzyme  is  required  as  a  stimulant  to 
initiate  a  movement,  it  is  held  here  that  in  a  pure  repair 
of  a  simple  casual  injury  the  defect  or  injury  itself  does 
not  necessarily  introduce  any  such  new  extrinsic  influence, 
nor  any  directing  or  initiating  force,  such  as  an  "  injurious 
irritant"  does,  or  at  anyrate  is  here  assumed  to  do, 
although  the  injury  may,  and  probably  does,  act  by 
changing  the  pressures  and  the  competitions  for  growth- 
material,  and  so  may  set  free  growth  and  development 
of  the  nearer  uninjured  cells  and  cell-derivatives,  by  its 
collateral  influences. 
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In  all  animals,  as  in  plants,  repair  of  a  simple  casual 
injury  stands  in  a  very  important  and  close  relation  to 
the  responses  to  "injurious  irritation"  ;  but  it  is  one  of 
antagonism  in  both  kingdoms  of  nature  ;  and  although 
the  prime  mover  is  the  same  in  both,  that  is,  the  evolved 
reparative  faculty,  the  results  of  the  two  processes  are  not 
only  different  but  opposed  ;  and  this  is  so  both  in 
responses  to  "injurious  irritation"  called  typical  inflamma- 
tion, and  in  those  to  which  that  name  is  not  yet  generally 
granted,  but  are,  as  I  think,  its  equivalents.  It  seems 
evident,  then,  that  light  might  be  thrown  upon  a  question 
much  needing  it,  were  plants  and  animals  considered 
both  together,  seeing  that  they  are  all  living  organisms 
in  which  phenomena  constantly  occur  having  much  in 
common. 

§  22.  (7)  The  Etiology  J  extrinsic  and  intrinsic^  of  the 
damaging  responses  to  "  injurious  irritation^'  and  of  the  repara- 
tive ones  to  a  simple  injury. — As  here  the  word  is  used, 
etiology  includes  the  consideration  of,  not  merely  the 
constant  and  necessary  antecedents,  concomitants,  or  causes, 
but  their  relations  to  the  consequents  or  effects,  such  as  may 
indicate  the  real  and  necessary  equivalences  of  causes  and 
effects.  Hence,  for  the  completeness  of  the  idea  of  the 
cause,  it  is  required  to  include  a  consideration  of  both  the 
extrinsic  and  intrinsic  factors  thereof ;  and  for  a  satisfactory 
conception  of  the  consequence  as  effect  thereof,  it  is 
needful  to  appreciate  its  relation  of  fitness  and  equality 
to  the  cause.  The  constant  antecedents  and  concomitants 
of  the  responses  to  "injurious  irritation"  and  to  simple 
injury,  i.e.  of  inflammation  and  of  repair,  both  the  ex- 
trinsic and  intrinsic  factors,  have  already  been  given,  and 
have  been  shown  to  be  the  irritant  in  action  upon  an 
irritable  cell  in  the  former,  and  a  solution  of  continuity 
or  a  loss  of  material  in  the  latter  ;    so  that  it  is  not  now 
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needful  to  repeat  examples  of  the  agents  of  injury,  or  of 
*' injurious  irritation,"  or  of  wound-production  ;  and  it  is 
only  requisite  to  deal  here,  in  regard  to  animals,  with  the 
relations  of  fitness  shown  by  the  consequences  or  responses 
to  their  causes  in  inflammation  and  in  repair,  in  such  a 
manner  as  may  make  such  relations  intelligible  in  both 
orders  of  response,  and  may  exhibit  their  distinctions  as 
well  as  their  resemblances. 

As  I  have  already  anticipated  somewhat  in  speaking  of 
repair,  and  spoken  of  its  relations  of  fitness  to  the  injured 
organism,  and  of  equality  in  quantity  to  the  injury,  and 
of  quality  to  the  part  responding,  and  noted  that  in  this 
process  an  essential  oneness  is  generally  accepted  for  it  in 
all  organisms,  plants  and  animals,  it  will  not  be  needful  to 
say  more  on  this  point  here.  But,  in  respect  to  typical 
inflammation,  it  must  be  observed  that  the  responses  to 
"injurious  irritation"  have  not  yet  been  here  shown  to 
exhibit  evidences  of  relations  of  fitness  to  the  irritant  in 
higher  animals  at  all  equal  to  those  which  have  been 
shown  in  plant  galls,  nor  even  as  in  the  less  typical 
inflammations  or  their  equivalents,  as  they  are  seen  in 
lower  animals.  In  fact,  the  adaptations  and  relations  of 
fitness  shown  by  the  responses  to  the  irritant,  even  when 
it  is  also  a  parasite,  are  less  strikingly  obvious  in  most 
animals  than  they  are  in  plants  ;  although  they  are,  I 
think,  more  so  in  the  lower  than  in  the  higher  animals, 
and  are  to  be  found,  if  carefully  sought  for,  in  all  animals, 
higher  or  lower,  whatever  be  the  irritant,  i.e.  parasitic  or 
not,  and  they  are  always  manifested  in  cell-proliferations. 

Briefly  I  recall  here  the  relations  of  fitness  traceable  in 
the  suppurative  inflammations,  especially  those  which,  like 
variola,  run  typical  periodic  courses,  between  the  responses 
and  the  microbic  irritants  which  are  believed  to  be  their 
causes.     However,  when  the  "injurious  irritant"  is  non- 
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parasitic,  such  relations  are  more  obscure,  yet  even  then 
not  quite  wanting  ;  and  as,  especially  in  the  higher 
animals,  the  non-parasitic  irritants  have  been  more  studied 
and  are  possibly  more  frequent  and  effective  than  in  plants, 
the  responses  to  "injurious  irritation"  in  them  which 
have  received  the  greatest  share  of  attention  are  just  those 
which  exhibit  the  least  evidence  of  relations  of  fitness  to 
the  irritant.  This  may  help  to  explain  the  fact  that,  in 
typical  inflammation  in  the  higher  animals,  relations  of 
fitness  or  adaptations  to  the  irritant  shown  in  the  responses 
are  either  ignored  or  denied  by  most  animal  pathologists, 
if  not  by  all  ;  and  relations  of  fitness  have  even  been  very 
widely  asserted  to  exist,  between  typical  inflammation, 
with  its  responses  and  products,  and  the  responding 
suffering  organism. 

The  greater  complexity  of  structure  and  the  more 
immediate  interdependence  of  the  parts  of  these  higher 
animals  also  complicate  very  much  the  problem  before  the 
investigator  ;  so  that  it  is  or  has  been,  in  the  responses 
to  an  almost  pure  trauma,  often  scarcely  possible  to 
separate  with  certainty  extrinsic  parasitic  irritating  agencies 
from  non-parasitic,  or  even  from  other  parasitic  ones,  of 
some  kind,  perhaps  possibly  derived  from  the  injured 
organism  and  mtrinsic  to  it,  although  extrinsic  to  and 
pathogenic  to  the  part,  that  the  examination  has  been 
chiefly  influenced. 

In  this  way  much  of  the  experimental  investigation 
of  typical  inflammation,  prior  to  the  full  development  of 
bacteriology,  was  carried  on  in  animals  such  as  frogs,  etc., 
without  any  adequate  separation  between  parasitic  and 
non-parasitic,  extrinsic  and  intrinsic  irritants,  and  the 
processes  set  up  thus,  by  causes  not  analysed,  were  studied 
largely,  almost  exclusively,  in  regard  to  their  obvious 
characters  as  indications  of  inflammation  as  a  whole,  and 
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not  in  any  special  relation  to  the  particular  species  of  the 
response,  or  to  the  particular  irritant  by  which  it  was  set 
up.  So  studied,  the  object  kept  in  view  was  to  find  the 
constant  amid  the  variable,  the  demanded  essential  for  all 
typical  inflammations  ;  and  however  important  this  object 
may  be,  and  is,  as  a  result  of  this  method,  under  con- 
ditions which  did  not  admit  of  accuracy,  the  effect  has 
been  some  relative  neglect  of  attention  to  the  etiology  of 
the  specific  differences  of  the  inflammations  or  responses 
in  relation  to  their  particular  irritants,  i.e.  to  the  extrinsic 
agents  of  "injurious  irritation,"  and  a  relative  preponder- 
ance of  attention  was  given  to  the  intrinsic  factors  ;  and 
thus  etiology  proper  has  been  relatively  neglected,  at 
least  in  the  sense  of  the  term  as  here  used.  To  all 
appearance,  some  later  effects  of  these  earlier  modes  of 
investigation  are  still  with  us,  although  the  bacteriologists 
are  doing  much  and  good  service  in  correcting  some  of 
them. 

From  these,  and  perhaps  other  such  reasons,  it  has 
resulted  that  non-parasitic  irritants  as  causes  of  inflamma- 
tion in  higher  animals  have  even  recently  been  given  a 
very  large,  I  think  too  large,  a  share  of  importance,  the 
kinds  of  response  they  evoke  have  not  been  duly 
distinguished  from  those  evoked  by  parasitic  irritants, 
and  the  relations  of  fitness  between  causes  and  conse- 
quences have  not  been  sought  with  sufficient  attention 
to  this  point,  at  least  such  as  could  separate  the  kinds  of 
responses  ;    and  thus  etiology  has  not  had  its  due  weight. 

Nevertheless,  the  progress  of  bacteriology  has  shown  in 
the  specific  inflammations,  even  in  the  highest  animals,  an 
increasing  tendency  to  exhibit  some  relations  of  fitness 
between  the  products  of  inflammation  and  their  particular 
irritants,  though  far  less  clearly  than  we  see  in  plant  galls  ; 
and  as  the  typical  inflammations  are  more  and  more  found 
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to  be  set  up  by  parasitic  irritants,  they  are  almost  daily 
increasing  in  importance,  in  proportion  to  the  non-parasitic 
inflammations,  and  so  they  illustrate  the  nature  of  the 
process  as  a  whole.  As,  however,  these  parasitic  irritants 
are  all,  or  the  most  important  of  them,  colonies  of  micro- 
organisms, in  which  the  individual  interests  of  each 
parasite  are  less  clearly  seen  in  their  life-histories  than  in 
gall-producers,  one  would  scarcely  expect  to  find  in  the 
responses  they  evoke  relations  of  fitness  and  adaptations 
as  clearly  shown  as  we  find  them  in  plant  galls,  the 
producers  of  which  are  often  higher  parasitic  organisms, 
with  better  known  life-histories  and  more  obvious 
interests  ;  so  that  in  them  the  etiology  is  more  clearly 
manifested,  and  its  relations  to  the  responses  are  more 
distinctly  exhibited. 

Etiology  being  then  so  thought  of,  it  would  help  much 
to  consider,  as  I  think  we  may  now  for  a  moment  do, 
all  animals  and  all  plants  together,  in  regard  to  the 
responses  to  "  injurious  irritation  "  exhibited  by  both  of 
them  ;  for  even  though  it  is  true  that  the  relations  of 
fitness  to  the  irritant  spoken  of  are  not  so  well  seen  in 
animals  as  in  plant  galls,  yet  are  some  traces  of  it  seen  in 
all ;  and  the  consideration  of  the  whole  group  together 
may  afford  help  to,  and  give  more  light  upon,  each  of 
the  parts  of  it,  when  compared,  and  this  I  now  contend  for. 

§  23.  (8)  The  responding  mechanism^  and  the  characters  of 
each  order  of  response. — In  animals  not  less  than  in  plants 
the  fundamental  basis  of  the  responding  mechanism  is  the 
cell,  the  elementary  organism  ;  and  this  is  so  for  each 
order  of  response,  the  efficient  or  truly  reparative,  and  the 
inefficient  or  damaging  one  ;  and  this  truth  is  demon- 
strable in  them  as  clearly  as  in  plants,  if  all  animals  be 
taken  into  the  field  of  view.  It  is,  however,  required  to 
be  recognised  that,  especially  in  the  higher  animals,  in  the 
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ratio  of  their  complexity,  cell-complexes  and  tissues  so 
enter  into  the  responding  mechanism  as  to  modify  very 
much  the  dominant  or  obvious  characters  of  the  responses 
of  either  order,  yet  without  impairing  the  essential 
distinctions  between  the  two  orders,  which  thus  always 
remain  in  the  one  case  beneficent  to  the  organism,  or 
efficient,  and  in  the  other  damaging  to  it,  or  inefficient. 

Thus,  the  same  living  irritable  cell-substance  which  in 
normal  nutrition  repairs  waste,  or  after  a  casual  wound, 
if  not  prevented  or  perturbed,  repairs  the  injury  and 
restores  the  loss  by  cell-proliferation  and  development  ; 
when  prevented  from  so  acting,  or  when  perturbed,  as 
in  "  injurious  irritation,"  is  itself  a  cause  of  damage  ;  and 
the  responding  mechanism  or  automatic  reparator  is  then 
by  its  own  perturbed  action  the  very  means  by  which 
damage  is  done,  even  in  a  typical  inflammation,  not  less 
than  in  the  allied  or  equivalent  responses  to  "injurious 
irritation  "  seen  in  the  lowest  animals  and  plants  ;  and 
this  is  not  less  true,  and  demonstrable,  when  the  more 
obvious  responses  are  from  cell-complexes  and  tissues, 
as  in  hyperaemia,  than  when  they  are  from  cells  not  so 
associated,  as  -in  non-vascular  organisms  or  tissues. 

In  unicellular  animals,  as  in  multicellulars,  the  same 
general  truth  stands,  with  some  minor  qualifications, 
though  not  such  as  contradict  the  broad  statement  that  the 
same  living  elementary  organism  which  can  itself  repair  a 
simple  casual  injury  by  an  efficient  process  of  proliferation 
of  its  own  structural  units,  also  can,  when  modified  by 
"  injurious  irritation,"  not  only  antagonise  repair,  but 
also  itself  does  damage  by  an  inefficient  exertion  of  the 
same  powers,  and  by  the  misdirected  proliferations  of  its 
structural  units,  then  forced  to  act  in  correspondence  with, 
that  is,  to  show  relations  of  fitness  to,  the  irritant,  and 
no   longer    serviceable    to    the  organism  as  a  whole.     It 
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must,  however,  be  granted  that  in  this  field  of  work  much 
has  yet  to  be  done,  and  the  responses  to  a  casual  simple 
injury  in  unicellulars,  and  still  more  those  to  "injurious 
irritation "  in  unicellular  animals,  are  by  no  means 
satisfactorily  known  as  yet.  In  multicellular  animals, 
however,  as  in  plants,  research  in  this  direction  has  been 
much  more  extended  and,  I  think,  successful. 

It  has  been  said  truly  that  in  both  kingdoms  of  nature 
pure  repair  is  the  normal  response  to  a  simple  injury,  and 
in  both  it  is  the  characteristic  of  this  order  of  response  to 
correspond  in  its  results  with  the  interests  of  the  organism, 
or  of  the  part,  and  to  do  so  by  a  process  in  which  cell- 
proliferation,  duly  co-ordinated,  is  a  constant  character, 
so  that  the  response  is  efficient.  In  inflammation,  or  in 
a  response  to  a  true  "  injurious  irritation,"  by  whatever 
name  it  is  known,  it  is  a  characteristic  of  this  order  of 
response  to  be  inefficient,  that  is,  to  correspond  in  its 
results  with  the  irritant,  and  not  with  the  organism  or 
part  of  it  responding  ;  but  rather  to  damage  it,  and  to 
do  so  by  a  process  in  which  the  cell-proliferation  is  in 
disorder  and  often  in  excess  in  relation  to  the  organism, 
and  not  duly  co-ordinated  with  the  local  supply  of 
growth-materials  ;  and  this  excess  and  disorder  is  a 
constant  character,  although  it  may  be  usually  in  the 
higher  animals  obscured  in  the  vascular  responses. 

Although  far  less  clearly  than  in  gall-growth  in  plants, 
the  correspondence  in  the  results  of  such  inflammatory 
responses  with  the  interests  of  the  irritant  can  be  often 
ascertained  when  sought  for  with  due  care,  yet  is  the 
relation  of  fitness  of  these  responses  to  the  irritant  in 
higher  animals  usually  either  ignored  or  denied  by  animal 
pathologists,  and  often  the  converse  of  it  is  confidently 
asserted. 

On  this  point  it  must  be  granted  that  a  well-marked 
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difference,  certainly  of  view,  and,  though  less  clearly,  also 
to  some  extent  of  fact,  exists  between  the  responses  to 
"  injurious  irritation,"  as  seen  in  gall-growth,  and  those 
which  we  call  typical  inflammation  in  the  higher  animals. 
The  evidences  of  the  relations  of  fitness  with  the  irritant 
in  gall-growth  in  plants  are  so  obvious  as  to  force  them- 
selves upon  the  attention  ;  while  in  typical  inflammation 
in  higher  animals,  and  even  perhaps  in  its  equivalents  in 
lower  animals,  they  have  to  be  sought  for  with  great  care, 
or  they  elude  observation.  While,  therefore,  in  inflamma- 
tion in  animals  it  is  granted  that  the  evidence  is  less 
obvious  of  the  directing  influence  exerted  by  the  irritant 
in  action  upon  the  responding  mechanism  of  the  organism, 
and  coercing  it  to  respond  for  the  benefit  of  the  irritant, 
than  is  the  case  in  the  responses  of  an  apparently  similar 
order  in  plants,  there  is  in  the  inflammations,  as  seen  in 
animals,  ample  and  obvious  evidence  that  the  responses 
here  dealt  with  are  not  beneficent  to  the  responding 
organim  or  its  part — are,  indeed,  always  more  or  less 
damaging  to  it,  and  so  one  may  say  with  much  confidence 
are  not  directed  by  it,  while  they  never  damage  the 
parasitic  irritant,  but  seem  always  to  serve  its  interests. 
All  animal  pathologists,  I  think,  grant  that  in  inflammation 
damage  is  done  during  its  presence  as  a  process,  and 
although  much  divergence  of  view  obtains  as  to  the 
significance  and  importance  of  the  damage,  its  constancy 
is,  I  think,  universally  admitted.  The  inference  should 
be,  I  hold,  that  this  constancy  of  damage  in  the  process  is 
due  to  the  persisting  directing  or  misdirecting  influence 
of  the  irritant  in  action  upon  the  responding  mechanism 
in  animals,  and  to  the  concurrently  impaired  directing 
influence  of  the  responding  organism  which  suffers  the 
damage  ;  that  is,  therefore,  to  the  misdirection  effected 
by  the  irritant  on  the  intrinsic  reparative  faculties. 
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Therefore,  the  constant  damage  done  during  an 
inflammation  and  by  it  in  animals,  though  in  it  such 
relations  of  fitness  as  are  shown  in  plant  galls  between 
the  responses  and  the  irritant  are  more  difficult  or  often 
impossible  to  trace,  is  evidence  enough  that  the  irritant 
actions,  when  present,  impede  or  arrest  or  misdirect  and 
antagonise  the  beneficent  responses  which,  in  the  absence 
of  such  irritant  actions,  are  constant  and  efficient  in  all 
non-fatal  injuries  in  animals  not  less  than  in  plants. 

Even,  therefore,  when  such  relations  of  fitness  to  the 
irritant  are  apparently  absent  from  the  responses  to  it, 
the  damage  so  constantly  seen  present  sufficiently  shows 
the  influence  of  the  irritant  as  an  essential  factor  in  the 
production  of  this  constant,  or,  as  one  may  say,  as  the 
director  of  the  events  in  respect  of  damage.  Such  damage 
is  quite  as  constant  in  inflammations  in  animals  as  in  the 
inefficient  responses  to  irritation  as  seen  in  plants  ;  it  is, 
especially  in  typical  inflammation,  perhaps  even  more 
severe,  and  in  both  kingdoms  of  nature  it  is  so  constantly 
related  to  "  injurious  irritation "  that  it  may  confidently 
be  stated  to  be  measured  thereby. 

How  this  damage  during  an  inflammation  is  done  is 
not  always  easy  to  demonstrate  in  many  cases  ;  but  that 
some  of  it,  and  that  to  which  the  word  damage  in  strict- 
ness might  with  advantage  be  limited,  is  due  to  the 
disorder  and  local  excess  of  the  proliferative  and  other 
responses  evoked  by  the  "injurious  irritation" — in  other 
words,  that  it  is  due  to  the  inefficient  and  misdirected 
working  of  the  automatic  reparator — can  scarcely  be 
questioned  ;  and  this  is  so,  whether  the  responding  thing 
be  a  cell  or  a  part  of  one,  a  single  cell,  a  cell-complex, 
or  a  tissue  closely  related  to  other  tissues,  and  to  the 
whole  organism,  such  as  vessels  and  nerves  and  their 
dependent  tissues  and  organs. 
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Any,  or  each,  or  all  of  these  responses  may  and  do, 
often  in  virtue  of  the  local  proliferative  disorder  or  excess 
in  them,  often  produce  a  local  necrosis,  which,  whatever 
of  benefit  it  may  confer  upon  the  irritant,  as  in  some 
cases  it  seems  to  do,  is  always  a  damage  to  the  responding 
organism,  even  although  some  compensations  for  it  may 
possibly  follow. 

Such  necrosis,  although  indirectly  it  may  be  due  to  the 
actions  of  the  irritant,  is  not  ever  the  immediate  and 
direct  eiFect  thereof,  for  the  irritant  must  not  kill.  When 
an  injurious  agent  directly  acts  so  as  to  produce  a 
necrosis,  it  is  not  then  and  there  as  such  an  irritant,  what- 
ever may  occur  at  the  periphery  of  the  necrosed  focus,  where 
indeed,  as  already  shown,  "injurious  irritation"  is  almost 
a  constant  sequence.  I  exclude  here,  for  clearness  of 
mental  presentation,  the  cases  in  which  the  agent  of  injury 
had  directly  caused  necrosis,  and  I  take  into  consideration 
here  and  now  only  those  cases  of  inflammation,  or  responses 
to  "  injurious  irritation,"  in  which  the  irritant  actions  were 
from  the  beginning  solely  such  as  produce  "injurious 
irritation  "  and  its  consequences.  Then,  all  the  subsequent 
necroses,  if '  any  come,  must  be  thought  of  as  doing 
indirectly  the  damage  in  the  technical  and  limited  sense  of 
the  word,  as  it  is  above  used  ;  because  the  tissues  and  tissue 
elements  so  necrosed  had  all  been  previously  proliferated 
and  modified  injuriously  by  the  irritation,  and  in  the 
proliferative  and  other  responses  thereto  ;  and  thus  these 
are  not  merely  direct  or  passive  effects  of  "injurious 
irritant  actions  "or  of  injurious  agents,  but  are  indirect 
consequences  of  "  injurious  irritations,"  and  present 
certain  characteristic  vital  phenomena. 

However,  especially  in  a  very  typical  form  of  inflamma- 
tion, e.g.  a  suppuration  from  the  "injurious  irritation"  of 
some  pyogenic  bacteria,  without  any  known  initial  breach 
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of  continuity  or  any  necrosis  at  first,  some  necrosis  occurs 
later,  constantly  ;  and  then  it  must,  I  think,  be  held  to  be 
a  consequence,  at  least  in  some  part,  of  both  the  indirect 
and  the  direct  actions  of  the  irritant  upon  the  tissues  and 
tissue  elements  of  the  focus  as  they  are  changed,  in  some 
order  and  degree  not  very  well  known.  Such  a  necrosis 
may  be  due  in  some  measure  to  the  cumulative,  complex 
and  diverse  effects  of  the  numerous  irritants  acting,  and 
in  some  measure  to  changes  in  their  modes  of  action 
dependent  on  their  being  then,  or  some  of  them  in  a  later 
stage  of  development,  such  as  demand  the  change  ;  but 
always  in  greater  part  due  to  the  fact  that  the  tissues  and 
tissue  elements  in  the  said  focus  had  been  already 
irritated,  that  is,  injuriously  proliferated  and  modified  by 
the  irritant,  and  adapted  by  it  to  its  own  purposes  and 
ends  ;  among  which  a  necrosis  of  the  tissues  of  the  host 
at  the  part  is  one,  and  it  is  often  an  essential  one  for  the 
dispersion  of  the  germs  for  the  production  of  other 
suppurations  of  a  like  kind.  Thus,  I  would  suggest  an 
explanation  of  the  known  fact  that  all  suppurations  tend, 
though  not  all  succeed,  to  escape  at  some  surface,  internal 
or  external,  and  do  this  by  means  of  a  necrosis  commenc- 
ing approximately  at  the  centre  and  spreading  outwards. 

Such  a  view  harmonises  very  well  with  what  is  known 
of  gall-growths  in  plants,  and  it  enables  one  to  com- 
prehend, if  but  dimly,  how  it  is  that  the  damage  done  in 
a  typical  inflammation  may  be,  in  part  at  least,  directly 
due  to  initial  injurious  actions  of  the  irritants  upon  the 
cells  and  tissues  of  the  focus,  and  thus  not  all  and  solely 
to  the  misdirection  by  the  irritant  of  the  responses  in  a 
tissue  ;  while  yet  it  must  be  conceded  that  the  damage 
done  in  and  by,  or  during,  an  inflammation  cannot  be 
correctly  apportioned  between  the  inefficiencies  of  the 
misdirected  automatic  reparator  and  the  repetitions  of  the 
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directly  injurious  actions  of  the  irritant,  varied,  it  seems 
probable,  in  kind  and  degree  at  different  stages  of  the 
process,  producing  injuries,  sometimes  even  fatal  ones, 
upon  the  often  previously  irritated  tissues. 

So,  I  think,  may  be  explained  how  it  is  that  pyogenic 
bacteria  may  first  determine  an  emigration  of  leucocytes 
in  excess,  and  other  similar  or  allied  phenomena  of  tissues 
and  their  elements  ;  and  later  on  may  perhaps  kill,  and 
apparently  live  upon  them,  and  may  thus  enable  their 
progeny  to  disperse  and  the  parasitic  species  to  survive  ; 
so  that  the  steps  in  the  whole  process,  the  irritative  and 
the  destructive,  can  be  thought  of  as  directed  by  the 
irritant,  and  both  phases  of  it  as  presenting  some  relations 
of  fitness  to  it,  even  if  less  clearly,  perhaps,  than  are  seen 
in  plant  galls. 

Some  galls  due  to  colonies  of  very  minute  organisms 
of  widely  diverse  origins  show  a  somewhat  similar  series 
of  phases,  in  which  the  irritant  determines  an  abnormal 
hyperplasia  in  the  beginning  of  the  process,  and  a  necrosis 
at  or  near  to  its  end  ;  and  both  phases  then  subserve  the 
purposes  and  needs  of  the  irritant,  and  adversely  influence 
the  host  plant,  so  that  damage  to  it  is  a  constant,  while 
fitness  in  relation  to  the  irritant,  though  less  strikingly 
marked  than  in  some  other  galls,  can  still  be  found  if 
carefully  sought  for. 

So  therefore,  in  animals  as  in  plants,  responses  to  true 
"injurious  irritations"  present  us  with  damage  to  the 
responding  organism  as  a  constant  character,  whether  such 
responses  be  called  inflammation  or  not,  and  however 
such  damage  may  be  done  :  the  responses  benefit  the 
irritant  which,  I  say,  directs  them.  Thus,  in  this  order 
of  inefllicient  response  in  both  kingdoms  of  nature,  such 
responses  show,  though  with  different  degrees  of  clearness, 
some  relations  of  fitness  to  the  irritant,  but  not  to  the 
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organism,  which  they  always  damage.  And  yet  in  both 
kingdoms  of  nature,  in  the  reparative  responses  to  simple 
casual  massive  injury,  a  relation  of  fitness  to  the  organism 
is  always  clearly  visible  ;  and  it  is  approximately  equal  to 
the  injury.  So  also  in  both  kingdoms  of  nature  the 
elementary  organism,  the  cell,  is  the  basis  of,  or  the 
responding  thing  for  both  orders  of  response,  the  efficient 
and  the  inefficient  ;  and  the  most  constant  manifestation 
of  its  action  is  proliferation  of  structural  units  of  cells  or 
of  cells  ;  nor  is  this  truth  weakened  by  the  fact  that  cell- 
complexes  also  respond,  in  each  order. 

§  24  (9)  Recovery  after  the  responses  to  "  injurious 
irritation^''  i.e.  inflammation^  in  animals^  compared  with  a 
Repair  of  simple  injuries. — What  is  known  as  Recovery  after 
inflammation  in  animals  is  so  frequent  that  it  is  usually 
accepted  as  the  rule,  and  has  at  times  even  been  spoken 
of  as  a  character  by  which  certain  inefficient  responses 
to  disturbances,  not  accepted  by  most  pathologists  as 
inflammation,  and  not  so  terminating,  may  be  dis- 
tinguished ;  for  example,  some  so-called  tumours  or  new 
growths,  even  when  they  are  admittedly  determined,  at 
least  in  part,  by  irritant  actions.  Recovery^  however,  after 
a  true  typical  inflammation  is  not  a  constant  in  animals,  any 
more  than  it  is  in  plants  after  their  responses  to  irritations  ; 
and  not  only  local  death  of  some  portions  at  least,  if  not  of 
the  whole  of  the  focus  involved,  is  so  frequent  in  it  as  to 
be  by  some  authorities  deemed  a  constant ;  but  often  also 
when,  by  the  persistence  and  spread  of  the  irritant  actions, 
the  responding  process  continues  as  long  as  does  the  life  of 
the  organism,  recovery  does  not  take  place  at  all  ;  and  we 
say  the  case  is  fatal,  that  is,  to  the  responding  organism, 
though  not  so  to  the  irritant  ;  the  inflammation  has,  in 
fact,  persisted  as  the  irritant  action  has,  and  for  this  reason 
there  is  no  recovery  after  it. 
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I  note  here  in  passing  that  some,  perhaps  only  a  few, 
of  the  new  growths  suggestive  of,  and  which  may  possibly 
be  responses  to,  irritation,  which  are  always  and  con- 
fidently called  tumours,  do  also  occasionally  recover  {e.g. 
sarcomata)  ;  so  that  this  point  on  this  ground  cannot  be 
used  confidently  as  a  distinction  in  diagnosis. 

Recovery  after  inflammation  in  higher  animals,  or,  as  the 
phrase  usually  runs,  from  inflammation,  has  received  a 
very  large  share  of  attention,  chiefly,  I  think,  in  relation 
to  the  details  of  treatment  of  the  malady,  especially  so  in 
man  ;  and  the  opinion  has  been  held,  perhaps  justly  so, 
that  it  is  more  frequent  and  complete  in  him  than  it  is  in 
plants  ;  but  as  the  existence  of  a  real  and  true  equivalent 
of  the  process  called  inflammation  in  plants  is  not  generally 
accepted,  it  is  difficult  to  make  a  due  comparison  in  this 
respect. 

On  the  whole,  I  must  be  content  at  present  with  the 
statement  that  recovery  is  more  spoken  of  and  considered 
in  higher  animals  than  in  plants,  and  its  manifestations 
are  in  them  perhaps  more  striking,  without  as  yet  pro- 
nouncing a  confident  opinion  upon  the  relative  capacity 
of  animals,  as  compared  with  plants,  to  recover  after  the 
damaging  responses  to  "injurious  irritation,"  or  upon 
the  modes  by  which  such  recovery  does  take  place  or 
is  eff^ected,  its  frequency  or  completeness,  or  the  re- 
semblances and  the  diff^erences  of  its  manifestations,  in 
the  two  kingdoms  of  nature.  But  that  it  does  occur  in 
plants  under  certain  conditions  and  in  some  degrees  has 
been  shown  in  the  last  section. 

In  one  very  important  respect  both  plants  and  animals 
are  alike — in  that  recovery  demands  as  a  condition  pre- 
cedent that  the  irritant  actions,  the  "injurious  irritations," 
shall  relatively  or  absolutely  have  ceased,  or  so  diminished 
as  no  longer    to    dominate    or    misdirect    the    responses. 
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Hence  the  correct  expression  is  recovery  after  inflamma- 
tion, not  from  it. 

For  the  moment,  I  will  disregard  the  question  as  to 
how  or  why  the  irritations  often  so  cease  or  diminish,  but 
hold  fast  here  by  the  fact  that,  unless  they  do  so  and  until 
they  do,  recovery  does  not  begin.  In  another  not  less 
important  respect,  there  is  a  like  agreement  in  animals 
and  plants,  namely,  that  when  the  irritant  actions  cease  to 
dominate  the  responses,  then  the  evolved  intrinsic  repara- 
tive faculties  of  the  organism,  as  represented  by  or 
contained  in  the  cell,  i.e.  those  by  which  it  effects  a  repair 
of  waste,  replaces  a  loss,  or  heals  a  wound,  become 
themselves  dominant,  having  previously,  i.e.  during  the 
whole  ^  period  of  the  damaging  responses  to  "injurious 
irritation,"  been  modified  and  suspended,  not  lost  :  so 
that  recovery  in  its  essentials  is  but  a  return  to  repair 
under  conditions  somewhat  different  from  those  which 
obtain  in  a  normal  repair  of  waste  or  of  a  simple  injury, 
yet  not  such  as  materially  impair  the  essential  oneness  of 
the  two  differently  named  processes,  and  indeed  under 
normal  nutritive  conditions  such  recovery  is  necessary 
and  constant. 

Recovery.,  therefore,  is  but  deferred  repair.  Thus,  in 
animals  as  in  plants,  recovery  is  but  a  return  to,  or  at 
least  towards,  the  process  of  normal  repair  and  nutrition  ; 
and  as  this  repair  has  been  shown  to  be  as  constant  and 
necessary  in  plants  as  in  animals,  even  if  less  rapid,  and 
exhibited  in  different  ways,  yet  is  it  not  less  adequate  for 
the  maintenance  of  the  organism  ;  it  results,  therefore, 
that  there  is  no  sufficient  reason  apparent  for  expecting 
that  animals  should  recover  from  inflammation  more 
completely  than  plants  do  from  such  damaging  responses 
to  irritation  as  they  suffer  from,  even  if  they  do  so,  as  has 
been   said    by    some    authorities,    more    rapidly,    and    in 
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different  modes.  In  short,  there  is  a  general  consensus 
of  opinion  that  repair  is  essentially  the  same  thing  in 
plants  and  in  animals,  and  if  this  be  so,  then  recovery,  or 
delayed  repair,  is  also  so,  and  like  it  is  also  necessary 
under  proper  nutritive  conditions.  There  is  also  a  similar 
consensus  of  opinion,  that,  given  the  cessation  of  dominance 
of  the  irritant  actions,  from  whatever  causes,  and  given 
also  normal  nutritive  conditions  of  the  tissues  around, 
recovery  is  as  constant  and  necessary  as  is  repair  after  a 
simple  injury,  in  both  kingdoms  of  nature.  Recovery^ 
then,  demands  in  animals  as  in  plants  an  absolute  or 
relative  cessation  of  irritation  in  the  focus,  with  the 
co-operation  of  the  evolved  intrinsic  faculties  and 
adequate  nutritive  conditions  in  the  area  around  it ;  and 
then  it  is  assured. 

§  2^a.  Now  a  word  or  two  must  be  said  as  to  how  and 
why  irritant  actions  and  the  responses  due  thereto  some- 
times cease  or  relatively  diminish,  so  as  no  longer  to 
dominate  and  direct  or  misdirect  the  responses,  and 
sometimes  do  not,  either  in  animals  or  in  plants. 

Where  the  agent  of  irritation  is  a  parasite,  it  is  well 
seen  in  plant, galls,  when  such  an  agent  is  itself  a  complex 
organism  of  which  the  life-history  is  known,  that  such  a 
cessation  of  irritant  actions  is  much  related  to  and  depend- 
ent on  its  own  stages  of  development  ;  and  the  responses 
evoked  vary  then  in  quantity,  intensity  and  kind  therewith, 
yet  always  so  that  the  responses  evoked  never  fail  to 
accord  and  correspond  with  the  needs  of  the  parasite  at 
each  such  stage,  never  arrest  appreciably,  certainly  never 
successfully  conflict  with  them  or  cancel  them  ;  but  as 
they  began  with,  so  they  continue  with  and  end  in  a  due 
correspondence  each  with  the  other.  The  proofs  of  this 
general  statement  in  plant  galls  are  afforded  in  the  study 
of  the  beginning  and  progress  of  the  formation  of  a  gall- 
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plasm  (see  Beyerinck  i).  Whether  a  wound  be  present  or 
not,  the  responses  begin  with  the  "injurious  irritation," 
and  progress  in  an  exact  correspondence  with  it  in  all 
phases  and  stages,  and  measure  it. 

If  the  parasite  rests,  as  in  the  pupa  stage,  so  does  the 
irritation  which  it  determines,  and  the  responses  thereto  ; 
when  the  mature  parasite  escapes,  the  responses  are  such 
as  had  often  in  many  ways  helped  thereto  ;  even  although 
such  escape  increases  the  risks  for  the  host.  Throughout 
the  succession  of  changes  in  the  focus  of  irritation,  the 
host  tissues,  as  has  been  said,  always  suffer  some  damage, 
if  sometimes  only  a  minimum  ;  but  always  the  necessities 
of  the  parasite  have  been  duly  provided  for,  without 
which,  indeed,  no  parasite  could  be  established  as  a  species. 
In  plant  galls,  then,  the  relative  diminution  of  the 
irritation,  the  necessary  condition  precedent  for  the 
beginning  of  recovery,  is  initiated  by  the  normal  develop- 
mental phases  of  the  irritant,  and  so  it  is  in  a  sense 
autonomous  or  spontaneous  ;  and  the  same  statement  is 
often  true  in  inflammation  in  animals,  when  it  is  due 
to  a  parasitic  irritation  ;  although  to  say  so  is  a  sort  of 
pathological  heresy. 

In  animals,  where  the  inflammation  is  of  parasitic 
etiology  this  same  broad  truth  must,  I  think,  hold, 
whatever  qualifications  are  or  may  be  demanded  in  an 
inflammation  due  to  non-parasitic  irritation,  which  in  them 
has  been  given  a  somewhat  greater  relative  importance 
than,  in  plants  ;  though  nowadays  such  importance  of 
non-parasitic  inflammation  is  less  than  was  the  case  before 
Pasteur — indeed,  much  less  than  that  given  to  the  parasitic 
•typical  inflammations,  especially  if  we   take   the   gravity 

^  "  Beobachtungen  iiber  die  ersten  Entwicklungsphasen  einiger  Cyni- 
piden-gallen,"  von  Dr  M.  W.  Beyerinck  {Natuurk.  Verh.  der  koninkl. 
Akademie,  Deel,  1882). 
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or  intensity  of  the  process  into  account,  as  we  should  do, 
as  well  as  the  type. 

There  are  some  cases,  of  which  the  so-called  chronic 
inflammations  afford  fairly  good  examples,  which,  though 
due  mostly  to  parasitic  irritation,  do  not  apparently 
tend  spontaneously  to  cease  ;  and  these  are  here  of 
interest  to  the  argument,  as  illustrating  the  persistence 
at  the  same  time  and  place  of  the  irritant  in  action  and  of 
the  responses  evoked  by  it,  and  their  connection  with 
the  multiplication  in  or  near  the  focus  of  the  parasitic 
irritant  in  action,  without  any  obvious  previous  arrest  or 
cessation  of  its  actions,  in  a  sort  of  pupa  stage,  or  otherwise, 
and  often  without  a  complete  separation  and  escape  of  the 
irritants  as  a  colony  or  as  spores. 

Here  there  is  no  question  of  recovery,  for  its  condition 
precedent,  the  cessation  of  the  irritant  actions,  absolute  or 
relative,  either  does  not  take  place,  or  is  more  than  com- 
pensated for  by  multiplications  of  the  parasitic  irritants 
for  the  reproduction  and  persistence  of  which  in  situ  the 
host  organism  supplies  the  means  and  the  favouring 
conditions.  It  is  not  doubted  that  individual  parasitic 
microbes  in,  the  colony  ripen  and  pass  through  their  normal 
phases,  and  escape  or  die,  or  even  may  perhaps  sometimes 
be  killed  ;  but  the  colony  itself  survives,  and  it  is  enabled 
by  the  help  of  the  host  to  disperse  its  spores,  to  its  own 
advantage,  and  renew  or  in  some  way  extend  the  responses, 
i.e.  the  malady. 

These  cases  in  no  way  contradict  the  statements  above 
given,  which  are  founded  upon  the  study  of  the  responses 
to  single  parasites  in  plant  galls,  which,  having  developed, 
•  escape  from  the  host  when  dispersal  is  all  they  need. 

It  must,  however,  be  freely  granted,  that  in  animals 
the  study  of  the  responses  to  parasitic  irritations  and 
of  typical  inflammation,  which  in  so  large  a    proportion 
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of  cases  is  of  microbic  etiology,  affords  much  less  clear 
evidence  of  the  spontaneous  cessation  of  irritant  actions, 
as  a  normal  outcome  of  the  development  of  the  parasite, 
than  does  the  study  of  plant  galls  ;  and  so  it  might  be 
plausibly  said  that  to  adduce  these  cases  as  I  have  done  as 
illustrations  of  an  argument  relating  to  the  cessation  of 
inflammation  in  animals  is  scarcely  legitimate  ;  but  to  such 
a  criticism  a  sufficient  reply,  I  think,  will  appear  below. 

Thus,  if  we  direct  our  attention  to  the  higher  animals, 
and  chiefly  to  man,  the  conception,  which  it  may  be 
granted  was  first  suggested  by  the  study  of  plant  galls, 
finds  very  great  support,  and  the  alternative  one  very 
little.  The  general  biological  truth  that  all  organisms, 
parasites  not  less  than  others,  pass  through  some 
necessary  phases  in  their  life-cycles,  multiply,  and  then 
disperse,  so  as  to  preserve  the  species,  though  the  life  of 
each  member  of  it  is  limited,  justifies  us  in  concluding 
that  the  parasitic  microbes  causing,  say,  a  suppuration,  like 
the  parasites  which  cause  plant  galls,  pass  also  through 
some  such  phases,  and  that  their  actions  as  irritants  vary 
in  the  different  phases  of  their  life-cycles  ;  that  these 
phases  tend  to  end,  and  though  at  least  some  of  the  in- 
dividual microbes  die,  the  germs  for  future  colonies  must 
live  and  be  dispersed,  for  this  is  the  law  of  their  being 
and  persistence  as  established  species  of  parasites. 

Suppurative  inflammations  and  many  others,  if  con- 
sidered in  the  light  of  this  general  view,  offer  us  examples 
which  seem  better  explained  by  it  than  by  any  other 
alternative  I  know  of.  Acute  specific  exanthemata,  such 
as  variola,  the  periods  of  which  can  be  predicted,  are  fair 
instances  of  this  ;  for  it  is  scarcely  possible  to  refer  the  • 
actual  cessation  of  the  specific  irritation  to  any  other  reason 
than  to  the  maturity  of  the  multiplied  microbic  irritants, 
and  to  their  need  for  dispersal  at  or  near  a  fixed  period  ; 
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and  it  is  consistent  with  this  view  to  think  of  the  febrile 
and  earlier  eruptive  phenomena  as  responses  to  "injurious 
irritation "  in  an  earlier  and  different  stage  of  the  life- 
history  of  the  parasitic  irritants  ;  and  the  later  phases  as 
connected  with  a  relative  cyclical  and  normal  cessation  of 
such  irritation,  and  a  dispersal  of  the  spores,  when  this  is 
the  greater  need  of  the  parasite.  I  would  therefore  refer 
the  periodicity  of  the  vast  group  of  specific  inflamma- 
tions, often  if  not  always  associated  with  fever,  similarly 
to  the  periodicity  of  the  life-phases  of  their  respective 
parasitic  irritant  causes — an  opinion  which  must,  I  think, 
be  greatly  strengthened  since  the  discovery  of  the 
parasitic  etiology  of  various  fevers,  most  if  not  all  of 
which  are  associated  with  true  inflammations.  In  every 
case  of  typical  inflammation  due  to  the  "injurious 
irritation "  of  parasites,  the  varying  yet  constant  and 
necessary  phases  of  the  life  of  such  parasites  must 
influence  the  characters  and  duration  of  the  irritation,  and 
must  also  be  factors  influencing  its  cessation,  if  and  when 
the  inflammation  does  cease,  or  recovery  can  begin. 

Whether  or  no  this  is  the  chief  or  the  sole  factor 
in  bringing  .about  that  cessation  of  irritation,  absolute 
or  relative,  which  must  precede  a  recovery  from  such 
inflammations,  I  cannot  here  say  positively  ;  but  this  factor, 
I  think,  is  certainly  always  in  some  degree  operative,  and 
cannot  rightly  be  so  much  ignored  as  it  has  been. 

What  has  been  said  above  about  chronic  inflammations 
with  persisting  and  multiplying  parasitic  irritants,  almost 
excludes  such  responses  from  any  true  recovery  as  it 
is  here  thought  of.  The  specific  acute  periodic  inflam- 
mations do  show  such  a  process  of  recovery,  and  its  relation 
to  the  normal'  cyclical  changes  in  the  irritant  is  shown 
in  the  periodicity.  But  many  acute  suppurative  typical 
inflammations,  e.g.  abscesses,  also  show  that,  by  the  process 
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of  inflammation,  a  provision  in  advance  is  made  for  the 
escape  and  dispersal  of  the  mature  microbic  irritants,  which 
is  comparable  with  some  of  the  changes  seen  in  gall- 
growth  and  development — e.g.  the  pointing,  the  escape 
of  pus,  and  the  subsequent  or  consequent  recovery  ;  and 
it  is  a  reasonable  conclusion  that  the  microbes  in  such 
escaping  pus  are  mature  and  fit  to  disperse  and  multiply 
elsewhere,  for  it  is  known  that  the  pus  is  infective. 

True,  we  do  not  know  much  of  the  earlier  or  cyclical 
phases  of  the  said  pyogenic  microbes,  as  these  have  not,  I 
think,  been  investigated  with  sufficient  success  ;  but  there 
are  no  good  reasons  known  to  me  which  justify  an 
assumption  that  they  differ  from  other  living  things,  and 
do  not  pass  through  similar  phases  of  evolution,  or  that 
their  action  as  irritants  is  alike  at  all  stages  from  the 
beginning  of  the  suppuration  to  the  bursting  of  the 
abscess.  I  therefore  conclude  that  the  earlier  phases  are 
unlike  the  later  ones.  Even  now  it  can,  I  think,  be  said 
that,  as  in  plant  galls  so  in  animals,  in  parasitic  inflamma- 
tion, in  many  cases  at  least,  this  factor  is  a  real  and  an 
effective  one  in  determining  the  diminution  and  cessation 
of  irritation,  and  thus  the  spontaneous  beginning  of 
recovery. 

Hence,  not  only  is  repair  to  be  regarded  as  normal, 
but  recovery,  when  it  occurs,  is  also  so  in  all  such  cases  ; 
it  is  then  a  natural  and  not  solely  an  artificial  event ; 
it  depends  largely  for  its  beginning  on  the  life-history 
of  the  parasite,  and  not  upon  the  phenomena  of  the 
responses  evoked  in  the  host  organism. 

A  justification  of  my  having  used  the  parasitism  of  gall- 

.  growth  as  an  illustration  of  this  doctrine,  is  therefore  that 

the  suggestion  arose  from  its  study  ;  that  it  exhibits  the 

truth  clearly  ;  that  it  is  one  which  applies  to  all  parasites, 

and  that  so  it  applies  to  parasitism  in  animals  also,  as  an 
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illustration  of  a  truth  common  to  both  kingdoms  of 
nature.  Helped  by  the  clue  so  given,  it  is  not  very 
difficult  to  trace  the  same  necessary  relations  between  the 
parasite  and  the  host  in  the  responses  which  animals 
present  to  us  as  we  see  in  plants  ;  the  same  necessity  must 
exist  for  a  parasite  to  pass  through  its  own  phases  of 
development,  and  ultimately  to  disperse,  and  to  find  or 
produce  corresponding  changes  in  the  responses  it  evokes, 
and  thus  itself  to  determine  for  its  own  ends  a  relative 
cessation  of  irritant  actions  as  a  condition  precedent  for 
recovery  of  the  host,  in  animals  as  in  plants. 

§  24^.  This  conception  of  the  beginning  and  the  cause 
of  the  relative  or  absolute  cessation  of  irritant  actions  as 
the  condition  precedent  to  recovery  from  or  after  inflam- 
mations, is  almost  diametrically  opposed  to  the  now 
dominant  teaching,  or  at  least  the  most  widely  prevalent 
one,  which  is  the  only  alternative  I  need  consider.  The 
widely  current  teaching,  put  as  fairly  and  as  briefly  as  I 
can,  says  that  inflammation  is  itself  a  somewhat  salutary 
or  reparative  process,  or  a  sort  of  struggle  against  the 
irritant  or  that  in  which  it  inheres  by  the  organism  or  the 
part  of  it  affected,  in  virtue  of  which  the  irritation  is 
cancelled  and  the  observed  actual  cessation  of  the  irritant 
actions  is  not  imputed  to  any  normal  phases  in  the  life 
of  the  parasitic  irritant,  the  effects  of  which  are  ignored, 
but  rather  to  the  exertions  of  the  responding  and  damaged 
organism,  which,  it  is  taught,  tend  to  expel  the  irritant 
or  to  cancel  the  irritations. 

The  teaching  of  this  school  does  not  deny,  or  even 
doubt,  that  during  and  by  this  process  some  damage  is 
constantly  done  to  the  responding  organism,  or  that 
recovery  cannot  begin  until  the  irritant  actions  are  in  some 
way  at  least  relatively,  and  in  some  considerable  degree, 
reduced  ;    but  not  the  less  does   it  maintain  that  by,  and 
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in  virtue  of,  the  responses  themselves  to  the  irritant 
actions,  the  irritation  is  cancelled  or  the  irritant  is  expelled, 
and  in  support  of  this  doctrine  the  phenomena  of  phagocy- 
tosis are  much  appealed  to  ;  they  are  made  to  serve  as 
some  of  the  chief  grounds  upon  which  it  is  maintained, 
and  they  are  without  doubt  of  some  weight ;  yet  are  they 
not  such  as  are  adequate  to  resist  the  difficulties  and  even 
contradictions  which  this  teaching  has  to  surmount. 

This  doctrine  is,  I  think,  a  survival  in  some  of  its  main 
features  of  the  ideas  which  dominated  many  surgeons 
before  Hunter  demonstrated  that  inflammation  antagonised 
and  during  its  existence  prevented  repair  ;  and  it  requires 
the  inadmissible  assumption,  that  a  process  which  does 
damage,  and  prevents  repair,  prepares  for  it  by  cancelling 
irritation,  the  cause  of  the  process.  Hence  it  was  formerly 
taught,  and,  alas  !  also  practised  long  after  Hunter,  that 
inflammation,  especially  the  suppurative  form  of  it,  was  to 
be  encouraged,  in  order  to  bring  about  a  recovery  by  a 
separation  of  the  irritant.  The  doctrine  in  this  form  is 
now  happily  dead,  but  its  spirit  survives  in  a  new  form 
which  is  widely  accepted.  And  it  is  now  maintained,  even 
by  many  of  those  who  recognise  the  paramount  importance 
of  parasites  in  the  etiology  of  typical  inflammation,  that  the 
responses  they  evoke  themselves  bring  about  the  cessation 
of  the  irritant  actions,  and  so  make  a  recovery  possible. 
Also  it  is  taught  now  that  this  is  the  purpose  of  such 
responses,  although  this  is  not  proven,  and  it  is,  I  hold, 
not  possible  to  be  so  ;  for  it  says  that  the  parasites  which 
cause  a  typical  inflammation,  unlike  all  other  parasites, 
determine  in  their  own  produced  environment  within  their 
■  hosts,  conditions  destructive  to  themselves,  although  it  is 
certainly  known  that  in  all  such  cases  the  said  parasites 
flourish  and  multiply  exceedingly  ;  and  finally,  when  they 
are   dispersed  are  abundantly   fertile  and   virulent,   as   is 


SECTION    III:    IN   ANIMALS  117 

seen  in  the  pus  from  an  abscess  or  from  a  variolous 
pustule. 

Neither  in  animals  nor  in  plants  can  I  recall  any  single 
instance  in  which  the  responses  to  an  established  parasite 
are  so  adverse  to  it  as  to  cancel  its  action  or  arrest  its 
development,  or  even  materially  to  hinder  it ;  but  rather, 
wherever  such  a  parasite  is  established,  there  it  flourishes, 
and  the  host  helps  it  to  grow,  multiply  and  be  dispersed  ; 
and  were  this  not  so,  that  parasite  would  not  there  be 
established. 

§  241:.  I  need  not  here  dwell  much  on,  but  may  briefly 
mention,  some  of  the  more  obvious  objections  to  this 
doctrine  that  inflammation  is  a  reparative  process,  or  in 
some  way  beneficent  to  the  sufi^ering  organism. 

Thus,  (a)  that  during  the  whole  of  the  actual  process  it 
constantly  and  continually  does  damage  ;  (J?)  that  this 
damage  is  great  as  the  inflammation  is  intense  ;  {/)  that 
recovery,  or  true  effective  reparative  changes,  only  then 
begins  when  the  inflammation  and  irritation  have  ceased  or 
are  ceasing,  from  whatever  cause  ;  (d)  that  in  the  typical 
inflammation  process,  itself  of  parasitic  origin,  it  is  difficult, 
or  to  me  so  far  impossible,  to  find  any  evidence  that  the 
process  is  itself  salutary  or  reparative  to  the  affected 
organism  ;  or  (e)  that  it  itself  determines  a  diminution  or 
cessation  of  irritation,  or  by  its  own  exertion  ever  brings 
about  its  own  termination. 

Although  inflammation  is  a  terminable  or  a  temporary 
process  often  which  begins  when  irritant  actions  do,  pro- 
gresses with  them,  and  ends  when  they  cease  ;  yet,  as  it 
is  throughout  a  damaging  or  destructive  one,  so  long 
as  it  endures,  it  cannot  itself  be  reparative  as  a  process, 
at  least  then  and  there,  whatever  may  happen  afterwards, 
when  it  has  ceased. 

As  recovery  is  a   true  healing  process,    which    begins 
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only  after  irritant  actions  have  ceased,  or  nearly  so,  and 
could  not  begin  so  long  as  the  damaging  process  of 
inflammation  antagonised  it,  and  itself  is  so  distinct  from 
inflammation,  its  nature,  characters,  and  tendencies  cannot 
be  indications  of  those  of  inflammation  ;  and  therefore  it 
is  not  permissible  to  argue  that  inflammation  itself  is 
reparative  because  recovery  is  so.  Yet  is  this  line  of 
argument  sometimes  used,  if  only  by  implication. 

Recovery  is  indeed  but  a  delayed  repair,  and  like  it  is 
opposed  by  inflammation,  which  itself  deals  only  with  the 
events  preceding  recovery  and  demanding  it.  Between 
the  two  alternative  theories  here  presented,  I  am  therefore 
compelled  to  reject  the  one  which  says  the  irritant  actions 
and  irritations  are  cancelled  by  the  responses  they  evoke, 
in  the  irritated  and  responding  organism  ;  and  to  adopt, 
until  a  better  one  is  demonstrated,  that  which  says  the 
irritant  actions  come  to  an  end  often  in  virtue  of  the 
normal  developmental  faculties  or  attributes  of  the  parasitic 
irritant  in  animals,  not  less  than  in  plants.  This  conclusion 
will  stand,  I  think,  at  present  as  the  best  basis  for  a  true 
appreciation  of  the  beginning  of  a  recovery  in  both  king- 
doms of  nature,  at  least  after  parasitically  induced  responses 
to  irritant  actions. 

§  2^d.  So  put,  this  theory  of  recovery  is  also  in  some 
degree  applicable  to  the  responses  to  irritant  actions  of  a 
non-parasitic  order  ;  which,  although  they  produce  less 
typical  inflammations,  yet  do  induce  inflammation  in  very 
numerous,  possibly  the  most  numerous,  instances  in 
animals,  though  commonly  they  are  the  less  serious  ones, 
and  so  are  the  less  specifically  distinguishable  forms  ;  and 
therefore  are  those  which  are  less  strongly  marked  off  from 
the  pure  repair  processes.  In  any  case  the  responses  to 
non-parasitic  irritant  actions  obey  the  law  of  natural 
causation,  are  equal  to  their  causes,  persist  as    they  do, 
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and  cease  when  they  do,  just  as  is  observed  in  the  responses 
to  parasitic  irritants. 

Thus,  whether  the  irritant  be  a  physical  agent  such 
as  heat,  a  violent  mechanical  impact,  or  a  series  of 
slighter  impacts,  a  chemical  substance  or  an  enzyme,  its 
actions  as  an  irritant  are  not  arrested,  nor  is  the  irritation 
cancelled  by  the  responses  it  evokes  ;  but  rather,  in  each 
of  these  groups,  such  irritant  actions  are  brief  or  enduring, 
slight  or  intense,  in  accordance  with  the  corresponding 
conditions  of  the  agencies  acting  as  irritants  ;  all  of  which 
are  extrinsic  to  the  organism,  or  at  least  to  its  part,  and  all 
of  which  may  endure  or  cease  without  material  or  constant 
reference  to  or  dependence  on  the  responses  they  evoke  ; 
so  that  the  heat  may  be  dissipated,  the  energy  of  the 
mechanical  impact  may  be  diffused,  the  chemical  substance, 
perhaps  a  caustic,  may  be  either  evaporated,  dissolved, 
diluted,  or  even  perhaps  changed  by  entering  into  new 
combinations,  due  at  least  in  a  very  large  part  to  its  own 
intrinsic  qualities.  And  recovery  only  then  begins  if 
and  when  these  agencies  diminish  or  cease  to  irritate 
through  and  by  changes  in  themselves,  however  induced. 
Thus,  in  all  these  groups,  each  irritant  may  cease  to 
irritate  of  its  own  accord  ;  but  in  each  case  does  so  only 
after  it  has  first  and  necessarily  effected  just  so  much 
irritation  as  by  its  own  attributes  it  could  do,  and  as 
conditioned  it  must  do  ;  and  it  is  not  shown  that  the 
responses  evoked  determine  such  cessation  in  any  appreci- 
able degree. 

In  considering  these  traumatic  irritant  actions,  irritations, 
and  the  responses  they  evoke  in  higher  animals,  we 
must  remember  that  they  only  so  act  as  irritants  when 
and  as  long  as  they  so  persist  ;  that  they  must  cease  so  to 
act  if  and  when  the  irritant  is  removed,  artificially  or  other- 
wise ;  that  they,  if  not  so  removed,  and  if  they  are  not 
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soluble  or  diffusible,  they  excite  at  least  a  local  response,  by 
which  they  are  or  may  be  encapsuled  ;  but  they  are  not 
otherwise  changed,  as  we  can  see  in  tattoo  marks  ;  and 
that  these  responses  are  not  a  true  or  pure  repair,  but 
are  inefficient  compromises,  in  which  the  irritant  is  never 
cancelled,  and  is  always  operative  in  some,  even  if  but 
a  slight  degree,  which  varies  much  in  accordance  with 
any  casually  attending  pressure  or  tensions.  Recovery, 
therefore,  here  also  begins  as  the  irritant  ceases  to  act,  and 
such  cessation  at  least  begins  from  causes  not  set  up  by  or 
in  the  responses. 

If  necroses  result,  directly  as  passive  effects  of  the 
actions  of  any  of  these  traumatic  agents  of  injury,  or 
indirectly  as  results  of  irritant  actions,  which  is  very 
common  ;  and  if  these  necroses  remain  non-parasitic, 
which  is  rare  ;  then  we  have  to  deal  with  a  position  of  a 
somewhat  different  order,  in  which  the  necrosis  or  the 
necrosed  mass  often  is,  or  may  be,  itself  an  irritant,  though 
often  a  feeble  one  ;  but  it  is  not  the  original  one,  for  that 
has  often  ceased  to  be  or  has  gone,  as  has  the  agent  of 
injury,  and  the  responses  are  commonly  due  to  complex 
causes,  some  of  which  are  parasitic. 

It  is  in  a  pure  trauma,  more  commonly  or  chiefly,  with 
irritations  or  disturbances  of  an  intrinsic  origin  and  nature, 
and  with  the  responses  to  them,  that  an  approach  is  made 
somewhat  towards  those  phenomena  which  attend  a  repair 
of  massive  wounds,  bruises,  or  crushes,  in  complex 
tissues  in  higher  animals  ;  in  which  hindrances  in  the 
shape  of  clots  and  dead  tissue  debris  delay  a  repair,  and 
may  even  prevent  it,  that  this  question  deals  ;  and  here 
wg  are  upon  a  marginal  zone,  a  very  important  one,  where 
perhaps  more  than  elsewhere  it  is  very  difficult  to  say 
whether  we  are  dealing  with  a  pure  repair  or  a  recovery, 
or  with  some  form  of  a  mild  but  yet  a  true  inflammation  ; 
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and  on  this  point  I  express  here  no  very  confident  opinion, 
because  the  facts  imply  overlapping  and  admixture. 

To  make  the  position  clearer,  let  us  take  an  example,  and 
imagine  a  small  aseptic  angular  fragment  of  an  insoluble, 
chemically  almost  inert,  solid  substance,  say  silica,  in  rapid 
motion,  so  projected  that  it  produces  a  wound,  loses  its 
mass  motion,  is  embedded  in  the  tissue,  and  rests  in  the 
wound,  we  may  assume,  so  that  the  orifice  it  entered  by 
is  closed  by  elastic  contraction. 

What  in  such  a  case  can  we,  if  the  preceding  views  be 
accepted,  expect  will  happen  ?  We  will  assume  that  no 
later  intervening  septic  or  other  irritants,  even  motions, 
complicate  the  problem.  The  wound  certainly  would 
tend  to  repair,  in  virtue  of  the  evolved  reparative  faculties 
of  the  organism  ;  but  the  persisting  included  fragment 
of  silica  would  hinder  the  process,  and  in  the  area  occupied 
by  it  would  prevent  efficient  regeneration.  Escaped  liquid 
exudations  and  tissue  debris  would  also  hinder  the  repair. 
The  local  pressure  or  resistance  of  the  fragment,  and 
perhaps  also  the  said  debris,  must  set  up  some  degree  of 
irritant  action  in  the  nearer  uninjured  or  less  injured 
tissues.  The  response,  therefore,  is  one  of  an  inefficient 
attempt  at  repair  of  an  injury,  in  which  the  agent  of 
injury  persists,  and  is  a  slight  irritant.  The  response  is 
necessarily,  therefore,  as  much  mixed  as  are  the  etiological 
factors.  The  reparative  or  regenerative  responses  would 
operate,  deal  probably  efficiently  with  the  blood-clots  and 
tissue  debris  ;  but,  under  the  conditions  present  of  a 
persisting  gentle  mechanical  irritation  set  up  by  the 
foreign  body,  would  yield  only  an  inefficient  response, 
the  scar-tissue  of  an  encapsulating  fibrosis,  and  not  a 
complete  reversion,  or  a  resolution. 

Such  a  response  is,  in  a  sense,  an  inflammation,  seeing 
that   it  is   directed   som»ewhat   by  the    irritation.     But  it 
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yields  a  product  which  in  some  degree  may  restrain  the 
pressures  of  the  impacted  fragment  ;  and  it  is  possible 
for  some  pathologists  to  contend  that  such  inflammation 
cancels  the  irritant,  while  it  is,  I  think,  more  true  to  say 
that  the  reparative  process  is  the  restraining  influence. 

Yet  does  the  fact  stand,  that  the  product  of  the  responses, 
however  brought  about,  renders  the  disturbing  influence 
of  the  impacted  foreign  body  less  important,  apparently  in 
virtue  of  the  exceptional  density  of  the  newly  formed 
fibrosis  or  scar-tissue.  It  also  stands,  that  this  tissue  is  not 
a  true  normal  connective  tissue,  not  an  unmixed  product 
of  a  pure  repair  process,  not  a  true  or  a  complete  recovery, 
which  indeed  could  scarcely  begin  while  the  foreign 
impacted  body  persisted  and  appreciably  irritated  its 
environment  ;  but  it  is  a  mixed  product,  a  compromise,  so 
to  say,  in  which  the  reparative  regenerative  efforts  operate, 
may  even  dominate  the  response  ;  but  in  the  presence  of 
the  persisting  gentle  irritation  maintained  by  the  fragment 
of  silica,  they  are  so  modified  that  the  product  is  not  quite 
a  normal  repair,  though  it  can  persist  and  functionate  for 
the  affected  organism  with  some  degree  of  efficiency.  The 
case  I  conceive  of,  as  one  of  which,  even  in  the  presence 
of  local  irritations,  if  gentle  and  although  persisting,  the 
evolved  reparative  faculties  can  begin  a  recovery,  but  can- 
not carry  it  through  to  complete  efficiency,  because  the 
agent  of  injury  and  the  irritation  persist  in  action 
sufficiently  to  make  this  impossible.  In  such  a  case,  the 
irritant  is  not  expelled,  or  even  cancelled,  for  it  persists  in 
action  ;  but  the  response  does  perhaps  truly  bear  or  suffer 
such  action  with  less  of  perturbation  than  does  a  normal 
tissue.  This  example  is  but  one,  yet  it  fairly  illustrates  a 
multitude. 

Some  of  these  have  close  analogies  with  instances  which 
have  been  given  in  plants,  in  which  dead  or  dying  parts 
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or  inclusions  are  divided  off  by  a  protective  layer  from 
the  living  parts. 

In  some  of  these  cases  in  higher  animals,  without  doubt, 
phagocytosis  is  a  factor  of  great  importance,  the  exact 
significance  of  which  I  need  not  here  discuss  ;  although 
I  scarcely  hesitate  to  say  that,  in  view  of  all  the  con- 
siderations involved  in  the  study  of  inflammation,  one 
cannot  upon  this  basis  erect  a  true  theory  of  inflammation 
in  general  pathology  ;  and  one  cannot  say  that  here  is 
an  example  of  the  cancelling,  or  expulsion,  of  an  irritant 
by  the  responses  it  evokes. 

Although  I  grant  that  such  a  view  has  some  apparent 
plausibility,  yet  it  is,  I  think,  capable  of  complete  disproof. 
When,  as  so  often  happens,  a  necrosed  mass  becomes 
infected  with  parasitic  microbes,  the  irritations  they  set 
up  both  complicate  and  even  dominate  the  responses, 
and  then  the  casting  off  of  a  slough,  or  the  separation  of 
a  gangrenous  member,  is  not  truly  or  simply  a  result  of 
a  non-parasitic  inflammation,  but  it  occurs  as,  at  least 
in  part,  a  result  of  a  parasitic  inflammation.  The 
emigrated  or  other  phagocytes  have  not  yet  been  proven 
to  be  the  true  equivalents  of  such  cell-proliferations 
and  developments  as  both  in  plants  and  in  animals  form 
the  encapsulating  fibrosis,  or  the  separating  and  defensive 
layers  by  which  a  dead  or  a  foreign  body  is  so  often 
marked  off  from  the  living  tissues  near  it ;  but  neither 
have  they  been  confidently  shown  to  be  not  able  to 
proliferate  and  develop. 

In  all  the  cases  of  inflammation,  parasitic  and  not, 
the  law  of  natural  causation,  which  demands  the  equality 
of  cause  and  effect,  must  obtain  ;  and  in  no  case  is 
it  shown,  I  would  say  indeed  it  cannot  be,  that  the 
effects  or  the  responses  cancel,  arrest,  or  expel  the  causes, 
acting  as  such,  for  this  would  be  to  prevent  the   effects, 
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which  is  absurd.  True,  it  may  be  freely  granted  that,, 
in  all  such  causative  actions  and  reactions,  the  causal 
energies  are  transformed,  and  are  then  represented  in  and 
by  the  effects  ;  but  this  in  no  way  conflicts  with  the 
law  that  c  =  e^  or  sustains  the  doctrine  that  the  responses 
cancel  the  irritants  while  they  act  as  such.  As  in  plants, 
so  in  animals,  I  can  recall  no  example  in  which  this  law 
does  not  govern  ;  and  in  no  case  is  there  any  evidence 
known  to  me  showing  that  the  responses  to  irritant 
actions  arrest  them  or  expel  the  irritant,  before  it  has 
done  its  proper  work  for  the  benefit  of  the  irritant  ;  in 
no  case  is  evidence  available  to  show  that  it  fails  to  do 
such  work,  rather  always  the  responses  evoked  represent 
the  transformed  energy  of  the  irritant,  and  so  are  to  be 
considered  as  its  equivalent,  under  the  conditions  present. 

Cohnheim's  contention  that  the  etiological  factors  are 
not  important  in  considering  the  characteristics  of  the 
inflammatory  responses  is  fallacious,  in  that  it  ignores  the 
well-known  trigger  actions. 

It  is  another  matter,  and  one  about  which  I  will  not 
here  speak  with  a  similar  confidence,  how  far  it  is  possible 
for  the  responses  to  irritant  actions  sometimes  to  benefit 
indirectly  in  some  degree  the  responding  organism.  This 
point  is  to  be  answered  in  experience  only,  and  I  will 
not  here  enter  upon  it ;  but  I  can  at  least  say  that  the 
responses  do  not  forestall  or  prevent  the  action  of  the 
irritant,  even  if  it  be  sometimes  true  that  they  in  the  end 
may  help  to  a  recovery  or  leave  such  an  event  possible, 
and  may  result  in  a  repair,  if  and  when  the  irritant  has 
relatively  ceased  to  irritate,  because  the  irritant  had  always 
bjeen  economical  in    producing  "injurious  irritation." 

§  24^.    In    animals    as    in    plants,    recovery    is    always 

1  J.  R.   Mayer,  Die  organische   Bewegung^  1845,   and   The  Forces  of 
Inorganic  Nature,  1842. 
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eiFected  by,  or  is  represented  by  a  regeneration  of  tissue 
like,  or  as  nearly  like  as  may  serve,  that  necrosed  or  lost  ; 
and  by  replacing  it,  though  often  so  imperfectly  as  to 
leave  ample  proofs  that  the  outcome  is  but  a  compromise. 
This  is  what  I  would  call  recovery  by  patch  ;  and  as  in 
very  many  inflammations,  probably  in  all  the  typical 
forms,  there  occurs  some  necrosis,  and  the  regeneration 
after  it  is  very  rarely,  if  ever,  such  as  to  exactly  restore 
the  original  forms  and  structures  as  they  had  been,  the 
result  is  a  scar  composed  mainly  of,  or  like,  those  tissues 
in  or  near  the  inflamed  focus  which  are  most  amply 
endowed  with  regenerative  faculties,  to  wit,  chiefly  the 
vascular  connective  or  epithelium,  and  such  a  scar  may 
be  a  larger  or  a  smaller  part  of  the  final  result,  either  well 
defined  and  separable  therefrom,  or  so  intimately  mixed 
with  the  neighbouring  tissues,  and  so  like  them,  as  to  be 
indistinguishable  in  structure  or  in  function.  The  product 
of  this  form  of  the  recovery  process  is  so  like  a  repair  of  a 
simple  injury  in  its  results  as  to  be  distinguishable  from 
it  often  with  difficulty,  if  at  all  ;  and  so  it  must  be  held  to 
indicate  again,  that  recovery  is  but  a  return  to  repair  or  a 
delayed  repair. 

In  animals  as  in  plants  some  uncertainty  still  exists,  as 
to  whether  recovery  by  a  true  reversion  to  the  norm  of  a 
cell  or  cell-complex  after  it  has  itself  been  irritated  can  then 
or  later  take  place  ;  at  least  this  is,  I  think,  uncertain  for 
some  of  the  cells.  In  animals  as  in  plants  it  appears, 
however,  probable  that  such  reversion  can  and  does  some- 
times occur  ;  but  then  it  may  be  only  in  those  forms  or 
degrees  of  "  injurious  irritation  "  in  which  the  disturbance 
or  perturbation  from  the  norm  of  the  cell-substance  has 
been  less  profound,  as,  for  example,  at  the  periphery  of  an 
inflammatory  focus,  where  such  disturbance  may  well  be 
thought  of  as  less  in  degree,  and  where  the  proximity  of 
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quite  normal  cells  and  tissues  is  also  a  factor,  or  in  some 
cases  where  the  whole  focus  has  been  but  very  slightly 
irritated ;  and  then  it  may  be  without  any  necrosis 
coexisting  in  any  part  of  it,  as  may  happen,  I  think, 
sometimes  in  traumatic  irritations.  Satisfactory  evidence 
that  this  reversion  does  occur  seems  to  me  wanting  ;  but 
I  incline  to  the  view  that  it  does  occur,  and  I  impute  the 
deficiency  of  the  proof  in  part  to  the  great  complexity  of 
the  problem,  and  in  part  to  the  fact  that  the  point  has 
received  less  attention  than,  as  I  think,  it  merits  ;  and  this 
provisional  conclusion  applies  both  to  plants  and  animals. 

However  this  may  be,  the  fact  stands  that  recovery  in 
some  mode  after  or  from  an  inflammation  is  frequent,  and 
is  apparently  often  complete  in  animals  ;  and  if  not  more 
so  than  in  plants,  it  is  at  least  more  prompt  and  striking. 

Such  instances  as  we  see  in  higher  animals  of  a  rapid 
resolution,  i.e.  a  reduction  of  local  heat,  and  redness, 
pain,  and  swelling,  almost  to  a  norm,  with  apparent 
functional  restoration,  are  to  me  unknown  in  plants  ;  and 
in  them  I  know  of  no  examples  which  can  be  exactly 
compared  with,  say,  a  recovery  after  a  lobar  pneumonia  in 
man,  or  an  acute  arthritis  in  some  of  the  forms  of  the  so- 
called  acute  rheumatism.  The  high  degree  of  specialisa- 
tion of  structure  and  function  seen  in  higher  animals, 
involving  as  it  seems  to  do  their  reparative  faculties  not 
less  than  others,  may  well  explain  this  apparent  superiority 
in  the  velocity  at  least,  and  possibly  in  the  perfection  of 
the  recovery  after  some  inflammations  of  these  animals 
over  plants.  Such  recoveries,  however,  can  in  no  legitimate 
way  be  considered  as  proofs  that  in  such  instances  as  those 
given,  or  in  any  others,  the  responses  themselves  cancelled 
the  irritant  actions,  or  determined  the  beginning  of 
recovery  ;  rather,  in  these  cases,  also,  the  reasons  already 
given  stand  as  adequate  grounds  for  the  belief  that  the 
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parasitic  irritants  only  then  ceased  to  irritate,  when  their 
own  needs  and  purposes  no  longer  demanded  of  them  so 
to  change. 

I  will  not  here  stay  to  discuss  in  detail  the  objections 
which  might  be  made  to  this  broad  statement  ;  but  at  a 
later  period  they  will,  I  hope,  be  spoken  of  and  answered. 
Now,  I  will  only  repeat  the  statement  already  made,  that 
Recovery  is  not  Inflammation^  is  only  delayed  Repair  ;  and 
by  its  characters,  those  which  characterise  Inflammation 
cannot  be  distinguished. 

§  24/!  Moreover,  many  of  the  cases  in  which  the  inflam- 
mation, although  typical,  is  fleeting,  i.e.  soon  and  apparently 
perfectly  recovers,  seem  to  be  due  to  the  action  of  irritants 
which  are  similarly  fleeting  ;  often,  it  may  be,  they  are 
traumatic  and  experimentally  used,  and  in  these  cases,  as 
the  irritation  had  been  slight  and  the  disturbance  or 
perturbation  of  the  cell-substance  trivial,  it  may  fairly  be 
said  that,  like  the  cases  met  with  at  the  outer  border- 
line of  a  better  defined  localised  focus,  some  recovery  by  a 
reversion  can  and  probably  did  there  take  place. 

In  short,  it  is  both  instructive  and  legitimate  to  consider 
the  events  talking  place  at  the  outer  border  of  a  severe  but 
a  limited  focus  of  inflammation  as  closely  allied  with  those 
met  with  in  slighter  inflammations,  whether  more  diffused 
or  not,  of  which,  either  we  confidently  infer  or  know  from 
observation,  that  the  irritants  in  action  had  been  slight  or 
evanescent,  or  both  ;  and  putting  all  these  into  one  category, 
we  may  better  comprehend  them  all.  Such  considerations 
have  enhanced  value,  when  we  contrast  and  compare 
evanescent  irritations  with  more  persistent  ones,  if  also 
slight,  as  is  often  seen  in  those  due  to  a  simple  trauma, 
then  yielding  often  a  fibrosis  with  little  or  no  previous 
necrosis,  as  after  some  prolonged  exertions  in  working  or 
in  walking. 
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I  will  here  reconsider  a  little  more  in  detail  the  methods 
and  mechanisms  of  some  of  those  remarkably  rapid  and 
apparently  complete  recoveries  from  typical  inflammation 
called  recovery  by  resolution,  and  not  presenting  exact 
parallels  in  plants,  as  I  have  already  said. 

Take  for  an  example  acute  lobar  pneumonia,  and  note 
its  tendency  to  end  in  recovery  with  only  resolution,  at  or 
near  the  eighth  day,  by  a  series  of  steps  which  are  very 
prompt  and  apparently  always  coincide  in  time  with  an 
equivalent  cessation  of  the  previous  damaging,  spreading, 
inflammatory  and  febrile  responses.  And  note  that,  in  the 
course  of  the  spreading  and  damaging  responses  which 
characterise  the  earlier  stages  of  the  malady,  we  have 
some  cell-proliferations,  some  emigrations  of  leucocytes, 
and  accumulations  thereof,  some  accepted  increase  in 
the  numbers  and  activities  of  phagocytes  of  diff^erent 
origins,  many  and  various  circulatory  disturbances  in- 
volving exudations,  serous  and  fibrinous,  and  these  all 
coinciding  in  time  and  place  with  the  growth  and  rapid 
multiplication  and  spread  of  the  extrinsic  irritants,  that  is, 
of  the  specific  infective  microbes  which  determine  the 
malady. 

The  periodicity  of  the  beginning  of  recovery,  and  its 
rapidity,  are  both  frequent  and  marked,  and  need  an 
intelligible  explanation  ;  but  this  is  not  given  by  or  in  the 
doctrine,  which  has  reached  such  a  wide  acceptance,  that 
such  recovery  is  largely  due  to  the  phagocytosis  or  to 
the  active  exertions  of  some  other  of  the  inflammatory 
responses,  so  as  to  cancel  or  expel  the  irritants  which  had 
determined  them  ;  thus  assuming  that  the  emigrated 
leucocytes  or  the  other  phagocytes,  although  they  are 
determined  by  the  "injurious  irritation,"  yet  later  on  in 
some  way  cancel  or  destroy  the  infective  irritant  agents, 
englobe   and   digest    them,  without   explaining   how    and 
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why    it    is  that    this    later    effect    is    so    contrary   to    the 
earher  ones,  if  indeed  it  be  truly  an  effect. 

Yet,  obviously  it  is  inconsequent  to  contend  that  the 
same  microbes  at  one  earlier  period  excite  inflammatory 
responses  with  very  grave  damage,  and  at  another  later 
one  are  destroyed  or  cancelled  thereby,  without  assuming, 
as  also  necessary,  some  changes  in  the  said  microbic 
infective  parasites,  or  in  their  conditions,  which  can  reason- 
ably explain  these  asserted  and  very  different  results.  If, 
as  I  freely  grant,  phagocytosis  is  a  factor  in  different  parts 
of  the  long,  complex  and  somewhat  mixed  process,  in 
which  at  least  some  of  the  microbic  irritants  are  or  may  be 
englobed,  digested  or  removed,  and  is  or  may  be  so  both 
in  the  earlier  and  in  the  later  stages,  I  do  not  grant  that  it 
is  shown  to  be  one  which  appreciably  arrests  or  cancels 
the  inflammatory  responses  in  their  spreading  stages  ;  for 
were  this  so  these  stages  could  not  develop,  in  this  or  in 
any  other  analogous  or  typical  inflammation,  which  spreads 
and  is  locally  or  otherwise  infective. 

There  is  much  more  and  better  ground  for  the  doctrine, 
that  the  individual  microbic  irritants  in  the  earlier  stages 
of  the  malady  have  but  brief  lives,  or  phases  of  life,  and 
as  they  change  in  this  regard,  they  may  and  do  diminish 
or  vary  in  their  irritant  activities  in  the  part,  and  may 
then  be  dealt  with  by  the  phagocytes  as  are  many  other 
useless  or  perhaps  very  slightly  harmful  foreign  bodies  ; 
and  that  the  dead  or  dying  microbes  so  often  described 
as  found  englobed  and  perhaps  waning  in  the  phagocytes 
are  such  microbes  which  had  already  done  their  work  as 
irritants,  and  were  no  longer  important  to  the  colony  of 
parasites. 

The  later  or  spore  stages  of  the  same  microbes  are  not 
yet  shown  to  be,  and  are,  I  think,  not  so  digested  or 
destroyed  by  the  phagocytes,  even  if  and  when  they  are 
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englobed  by  them  ;  but  they  are  then  more  probably 
removed  or  dispersed  for  their  own  advantage  ;  and 
certainly  they  remain  infective  both  to  the  same  organism 
and  to  others,  for  the  dispersed  microbes  or  spores  are 
virulent. 

In  any  case,  the  argument  by  which  this  remarkable 
periodic  and  prompt  recovery  of  a  pneumonia  by 
resolution  can  no  more  be  imputed  to  phagocytosis  as 
one  of  the  items  in  the  inflammatory  responses  than 
to  some  of  the  other  particular  changes  seen  therein, 
such  as  the  cell-proliferations,  the  circulatory  changes,  the 
leucocytic  emigration  and  liquid  exudations  of  various 
kinds  ;  any  or  all  of  which  have  been  studied  in  this 
connection  as  means  by  which  the  irritation  is  often  said 
to  be  cancelled,  and  recovery  initiated  ;  all  of  which  are, 
in  my  judgment,  incorrectly  so  thought  of,  and  none  of 
which  have  as  yet  been  proven  so  to  act. 

Rather  would  I  urge  that  all  these  responses  to  irritant 
actions,  like  the  others  I  have  above  dealt  with  in  animals, 
and  in  plants,  are  responses  misdirected  by  the  irritants 
in  action,  are  fitly  related  to  them  during  the  earlier  stages 
in  which  the  responding  process  advances,  and  then  that 
they  tend  relatively  to  diminish  or  even  cease,  when  the 
irritant  has  reached  a  relatively  resting  stage,  or  is  nearly 
fit  to  be  dispersed,  and  then  this  change  is  for  the  sake 
of  and  related  to  the  needs  of  the  species  of  parasite. 

In  this  way  I  would  explain  the  actual  observed  facts 
in  the  markedly  periodic,  as  well  as  rapid,  beginning  of 
recovery  in  pneumonia,  as  really  dependent  upon  the 
arrival  of  the  irritant  microbes  at  a  stage  of  development 
in  which  they  largely  cease  to  irritate,  and  then  both  seek 
and  find,  by  the  help  of  the  host  organism,  the  means  of 
dispersal,  whether  by  expectoration  or  in  some  other  more 
indirect  and  circuitous  route  not  as  yet  well  understood. 
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That  the  host  organism  may  indirectly  co-operate  in 
this  provision  for  a  cessation  of  the  irritation,  and  for  the 
dispersal  of  the  progeny  of  the  irritant,  is  quite  in  harmony 
with  the  views  I  have  already  advocated  ;  but  such 
co-operation  is  a  part  rather  of  recovery  than  of  inflamma- 
tion, although  the  two  processes  may  often  overlap  ; 
and  it  does  not  indicate  any  reparative  effect  brought 
about  by  the  responses  to  the  responding  organism. 

It  is  quite  consistent  with  these  views  to  grant  that 
during  the  processes  of  recovery  the  phagocytosis,  and  I 
doubt  not  some  at  least  of  the  other  responses  to  the  initial 
irritations,  may  at  certain  stages  indirectly  co-operate  in 
helping  to  remove  or  even  to  cancel  some  of  the  effects 
of  the  actions  of  the  debris  of  various  kinds  which  had 
resulted  from  the  regressive  phenomena  of  the  inflamma- 
tion ;  but  these  events  would  belong  more  nearly  to  the 
reparative  connections  of  the  recovery  process  or  to  its 
methods  and  mechanisms  than  to  inflammation  proper. 

In  no  case  known  to  me  is  it  shown  that  at  any  period 
or  stage  of  the  process  of  this  inflammation,  or  of  recovery 
after  it,  the  spores  of  the  irritant  microbes  are  killed  by  or 
in  it,  or  that  their  infective  attributes  are  even  impaired,  as 
a  result  of  it.  Thus,  after  a  pneumonia,  not  less  than 
after  other  acute  inflammations,  e.g.  a  variola,  a  boil,  or  an 
abscess,  the  beginning  of  recovery  depends  largely  upon 
the  normal  changes  in  the  development  of  the  microbic 
irritant,  which  in  all  cases  at  length  escapes,  is  dispersed, 
and  is  virulent.  It  is  also  quite  as  significant,  that  during 
the  initial  and  advancing  stages  of  such  an  inflammation 
the  same  species  of  microbe  which  had  acted  as  persisting 
and  repeating  infective  irritants,  and  had  in  those  stages 
determined  the  damaging  phenomena  of  the  responses  in 
their  specific  and  characteristic  forms  and  varieties,  so  as 
always  to  be  fitly  related  to  and  beneficent  to  the  irritants, 
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had  yet  always  survived,  so  that  an  ultimate  dispersal  of 
its  infective  germs  or  spores  is  adequately  provided  for  by 
the  suffering  host  organism  ;  but  only  if  and  when  these 
microbes  had  ceased  to  act  dominantly  as  irritants. 

Therefore,  in  this  periodic  and  striking  recovery  by 
resolution  after  pneumonia,  its  beginning  must  rather  be 
imputed  to  the  intrinsic  normal  changes  in  the  irritant 
than  to  the  inflammatory  responses  themselves  ;  for  these 
latter  began  as  consequences  of  the  irritant  actions,  persisted 
and  advanced  in  correspondence  therewith,  and  were 
measured  thereby,  so  that  without  the  irritants  the  re- 
sponses could  not  be  explained,  or  indeed  occur  ;  and  it  is 
quite  beyond  my  comprehension  to  impute  to  the  responses, 
without  introducing  some  other  and  competent  factor,  their 
own  cessation  of  action  or  their  destruction  ;  especially 
when,  as  in  the  case  here  considered,  strong  analogies  point 
to  an  intelligible  explanation  which  harmonises  with  other 
natural  and  allied  phenomena  in  animals  and  plants,  and 
tells  us  also  what  the  new  and  competent  factor  is.  The 
interstitial  character  of  the  process  of  resolution,  and  the 
completeness  of  the  recovery  usually  seen  in  these  cases, 
are  in  some  respects  peculiar  ;  and  these  distinctions  are 
not  imputed  to  the  inherent  normal  changes  in  the  irritant, 
at  least  not  directly  ;  for  although  these  must  precede  the 
beginning  of  recovery,  the  changes  referred  to  must  rest 
upon  the  intrinsic  reparative  faculties  of  the  suffering 
organism.  Such  an  interstitial  recovery  or  resolution  is  by 
no  means  constant  in  animals,  and  it  is  not  known  to  me 
at  least  in  plants. 

§  24^.  In  both  kingdoms  of  nature  the  methods  and 
mechanisms  of  the  processes  of  recovery  vary  very  much 
in  different  organisms,  although  among  them  all  cell-pro- 
liferations, regenerations  and  developments  are  constant  and 
necessary  ;  and  yet  always  are  such  as  to  leave  the  diverse 
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textures  and  organs  also  in  this  respect  free  to  diverge 
very  much  in  connection  with  their  own  several  reparative 
faculties. 

Recovery,  however,  by  resolution  is  by  no  means 
limited  to  a  recovery  after  pneumonia,  for  in  some  degree 
and  kind  it  is  met  with  in  the  peripheral  parts,  at  least,  of 
many  other  inflammatory  foci,  after  the  irritant  actions 
have  ceased  to  dominate.  Some  such  interstitial  resolution 
is  seen,  for  example,  around  many  suppurations  after  they 
have  burst,  or  are  freely  incised  at  a  proper  stage  ;  after 
many  serous  inflammations  or  joint  inflammations,  as  after 
acute  rheumatism  ;  and  even  after  such  acute  specific  in- 
flammations and  fevers  as  scarlet  fever.  Although  in  all 
these  the  diversities  of  method  and  of  process  above  men- 
tioned are  very  obvious  ;  and  they  influence  often  in 
striking  ways  both  the  local  tissues  and  the  most  widely 
distributed  organs  and  parts,  solid  and  liquid. 

The  investigation  of  such  varied  modes  and  mechanisms 
of  recovery  in  animals,  shows  us  some  intermediate  stages 
or  phases  between  recovery  by  resolution,  and  recovery 
by  scar-production,  after  a  previous  necrosis  or  destruction, 
however  produced  ;  as  may  be  seen  in  the  recovery  after 
suppurations,  and  after  slighter  or  more  evanescent  injuri- 
ous irritations.  And  in  animals,  in  some  cases  at  least, 
there  is  reason  to  think  that  in  recovery  by  resolution,  or 
after  slight  or  temporary  "injurious  irritation,"  an  actual 
reversion  may  sometimes  occur  of  an  individual  cell  which 
had  itself  been  only  slightly  irritated,  to  a  normal  condition. 

The  conclusion  then  stands,  that  recovery  only  then 
begins  after  inflammation  in  animals  when  the  irritant 
actions  have  for  some  reasons  relatively  ceased  ;  and  this 
is  a  constant  in  all  cases  ;  but  the  periodicity  of  the  be- 
ginning, its  promptitude,  and  its  methods,  whether  by 
resolution  or  otherwise,  are  not  constant ;  indeed,  these 
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vary  very  much  with  the  organisms  and  the  tissues 
involved,  and  there  is  no  real  and  true  close  analogy  in 
their  nature  between  a  resolution,  or  any  other  recovery  pro- 
cesses as  such,  and  the  origin  or  beginning  of  the  recovery. 

In  plants  in  this  respect  there  are  some  rather  important 
distinctions  to  be  noted,  so  far  as  my  reading  and  obser- 
vations go  ;  and  it  is  convenient  here  to  introduce  a 
comparison,  and  give  some  examples.  In  them  an  inter- 
stitial resolution  or  a  recovery  by  such  methods  is,  as  I 
have  said,  not  known  ;  a  recovery  by  a  true  reversion  of 
a  previously  irritated  cell  or  tissue  is  rarely  recognised,  if 
at  all  ;  but  a  recovery  by  patch  or  scar  is  very  common 
and  complete. 

A  common  currant-gall  on  the  oak  leaves,  such  as  yields 
a  Spathegaster  haccarum^  after  having  grown  and  developed 
into  its  specific  form  and  structure,  and  ceased  so  to  do 
when  the  gall-producer  has  rested  as  a  pupa,  and  the  gall 
has  afforded  facilities  for  the  escape  of  the  mature  insect, 
dies  and  withers  ;  and  usually  then,  at  or  near  its  attach- 
ment, a  repair  by  patch  or  a  scar  is  formed,  after  the 
complete  necrosis  of  the  gall,  by  the  help  of  nearer  living 
tissues  either  only  slightly  previously  irritated,  or  not  so 
at  all.  Such  a  series  of  events  is  fairly  comparable  with 
that  which  follows  the  pointing  and  bursting  of  an  abscess 
in  an  animal. 

An  Alpine  rose  gall,  or  that  which  is  so  common  on  the 
Rhododendron  ferrugineum^  and  is  due  to  the  irritant  actions, 
growth,  and  development  .&i  the  Exobasidium  rhododendri, 
is  another  and  very  instructive  example  ;  to  which  may  be 
added  an  allied  gall  common  upon  the  Vaccinium  Vitis  idaa^ 
and  some  allied  species  due  to  the  Exobasidium  vaccinii. 
In  these  galls  it  is  easy  to  observe  the  growth  and  develop- 
ment of  the  new  gall  in  a  constant  and  exact  relation  to 
the  growth  and  spread  of  the  Exobasidium  in  its  earlier 
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or  mycelial  stages  between  and  in  the  cells  of  the  leaf  or 
axes  of  the  host  plant,  and  of  course  also  in  a  similar 
constant  relation  to  the  normal  growth  and  nutrition  of 
the  host  plant,  followed  by  a  cessation  of  such  growth  and 
development  of  the  parasite  and  of  the  gall,  just  when 
the  former  begins  to  fructify  and  to  cover  the  surface 
of  the  gall  with  the  well-known  beautiful  and  delicate 
layer  of  spore-bearing  tissue.  Then,  as  the  earlier 
mycelial  growth  of  the  parasite  ends,  and  its  period  of 
fructification  begins,  the  whole  gall  undergoes  a  necrosis  ; 
the  dead  parts  fall  at  length,  and  in  some  way  a  sort 
of  repair  by  scar  takes  place,  which  is  all  that  here  stands 
for  recovery.  The  two  processes  are  clearly  here  dis- 
tinguished ;  the  earlier,  that  of  the  inflammatory  response, 
as  I  say,  ends,  and  the  later  then  begins,  and  initiates 
recovery  ;  and  both  stages  or  phases  subserve  the  irritant 
in  all  its  stages,  including  that  of  dispersal  of  the  spores  in 
an  infective  stage. 

Neither  of  these  recoveries — for  as  such  they  must  be 
thought  of — is  strictly  comparable  with  a  resolution  in 
animals,  or  with  a  true  reversion,  I  think,  in  plants  ;  but 
in  the  latter,  if  we  observe  the  cases  of  slight  fleeting 
irritations  such  as  accompany  some  of  the  cecidia  due  to 
Phytopti,  or  to  Aphides,  which  sometimes  produce  leaf- 
curls  or  pouches  which  the  irritants  inhabit  only  for  a 
short  period  and  then  abandon  ;  then  we  may  find  at  least 
some  of  the  peripheral  cells  and  tissues  near  a  focus  very 
little  modified  by  the  injurious  irritation,  often  apparently 
normally  functionating  after  the  irritants  have  departed  ; 
and  then  it  is  possible,  or  even  probable,  that  some  very 
slightly  previously  irritated  cells  and  tissues  may  have 
reverted  to  a  norm  ;  and  this  seems  to  me  to  be  the 
nearest  approach  to  a  recovery  by  reversion  or  by  resolu- 
tion which  I  have  met  with  in  plants. 
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§  ^\h.  In  animals  then,  as  in  plants,  typical  inflam- 
mation itself,  or  its  equivalent,  never  brings  about  its 
own  recovery,  is  not  itself  a  reparative  or  a  salutary 
process,  never  cancels  or  expels  the  irritants  or  the 
"injurious  irritations"  in  the  parasitically  determined 
forms,  and  there  is  no  good  reason  known  to  me  for 
saying  that  the  conclusion  is  a  different  one  for  the  non- 
parasitic inflammations. 

In  animals,  as  in  plants,  recovery  is  commonly  initiated 
by  the  natural,  even  one  may  say  autonomous  or  spon- 
taneous, normal  relative  diminution  or  cessation  of  the 
irritant  actions  when  the  needs  of  the  parasitic  irritants 
require  it,  at  least  in  parasitically  induced  inflammations. 
In  the  non-parasitic  inflammations  also,  the  responses,  as 
in  the  parasitic,  are  measured  strictly  by  the  gravity,  or 
the  persistence,  or  the  kinds  of  the  actions  of  the  irritant, 
as  are  other  effects  by  their  causes  ;  a  truth  which  is  well 
shown  in  the  fleeting  responses  to  slight  or  briefly  acting 
irritant  actions  in  all  organisms. 

§  25.  I  pass  now  from  the  special  attention  so  far  here 
given  to  Recovery^  and  in  some  measure  from  the 
consideration  of  the  series  of  events  as  limited  to  the 
nine  heads  before  mentioned  ;  and  will  deal  with  some 
of  the  lower  animal  organisms,  with  greater  liberty,  yet 
so  as  if  possible  to  include  all  the  required  essentials  for 
the  study  in  them  of  Repair^  Inflammation^  and  Recovery. 

In  this  section,  typical  inflammation  in  animals  has  been 
kept  mainly  in  view ;  and  consequently,  chiefly  those 
higher  vertebrates  in  which  it  certainly  occurs  and  has 
been  mostly  studied  ;  and  although  some  lower  animal 
forms  have  been  referred  to  incidentally,  it  has  been  mainly 
to  elucidate  in  some  way  the  conceptions  of  typical  in- 
flammation as  here  understood,  and  distinguish  them  from 
allied  phenomena  sometimes  seen  in  other  organisms. 
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However,  it  must  be  observed  that,  as  the  spirit  of 
critical  inquiry  spread,  attempts  were  made  by  analytical 
methods  to  better  comprehend  the  steps  or  details  of  the 
several  phenomena  which  together  were  held  to  constitute  a 
typical  inflammation  ;  and  to  do  so,  the  greater  convenience 
for  this  purpose  which  the  lower  vertebrata,  especially 
frogs,  afforded,  was  seized  upon,  with  results  of  very 
striking  importance  and  value,  but  without  resulting  in 
any  considerable  changes  in  the  general  conception  of  a 
typical  inflammation.  The  picture  was  filled  in  as  to  its 
details,  especially  those  connected  with  the  circulatory 
phenomena,  but  yet  it  had  the  same  general  aspect. 

Thus,  the  area  of  observation  for  inflammation  was  ex- 
panded, so  as  to  include  at  least  all  the  vertebrata  ;  and 
although  in  this  way  some  of  the  phenomena  which 
generally  had  been  accepted  were  either  somewhat  ignored 
or  were  reduced  to  relative  insignificance,  e.g.  heat  and 
pain,  yet  no  hesitation  was  felt  in  accepting  the  succession 
of  changes  shown  in  a  frog's  web  during  "injurious  irri- 
tation "  as  exemplifying  and  helping  to  explain  a  typical 
inflammation  as  seen  in  man. 

But  the  expansion  did  not  rest  even  at  the  lowest  of  the 
vertebrates  :  the  facilities  for  observation,  and  numerous 
other  advantages  of  such  an  expansion,  as  well  as  the 
instructive  and  illuminating  results  thereof,  gave  a  fresh 
impetus  to  investigators  on  these  lines,  and  at  length  all 
invertebrate  animals  were  included  in  the  field  for  research, 
which  thus  became  for  many  pathologists  more  truly 
comparative  than  it  had  been,  at  least  in  animals.  Even 
some  of  the  lowest  of  all  organisms,  which  as  yet  are  not 
with  confidence  classified  either  as  animals  or  plants,  and 
perhaps  are  more  nearly  related  to  the  latter  than  to  the 
former,  e.g.  the  myxomycetes,  were  brought  within  the 
field  of  view,  and  within  the  terms  of  comparison. 
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This  expansion  to  invertebrata  also  was  too  valuable  in 
its  results  to  be  revocable,  so  that  it  remains  with  us  ; 
and  although,  notwithstanding  all  the  gains  which  have 
resulted  therefrom,  they  have  also  been  accompanied,  as 
was  the  case  in  the  expansion  from  man  to  the  frog,  with 
some  necessary  relative  diminution  of  importance  in 
regard  to  some  of  the  previously  accepted  characteristic 
manifestations  of  the  process  of  typical  inflammation  as  seen 
in  man  and  in  frogs, — notably  a  great  reduction,  almost 
a  complete  loss,  of  the  more  obvious  vascular  phenomena, 
so  well  marked  in  vertebrates, — yet  is  the  doctrine 
accepted  by  a  large  school  of  pathologists,  not  by  all,  that 
the  manifestations,  such  as  they  are,  of  the  responses  to 
irritant  actions  seen  in  the  invertebrata  are  inflammations 
or  some  equivalents  thereof  ;  and  if  not  typical  inflam- 
mations, are  yet  within  some  part  of  an  unbroken  and 
continuous  series  of  gradations  with  it,  the  reduced 
significance  or  absence  of  some  events  such  as  the  nervous 
or  vascular  changes  notwithstanding. 

Within  the  wide  limits  of  the  animal  kingdom  this 
doctrine  now  dominates,  perhaps,  but  it  does  not  as  yet 
go  further,  and  extend  to  plants. 

Necessarily  thus,  the  extension  of  the  field  of  view  has 
led  to  modifications  of  the  older  doctrines,  as  to  what,  in 
a  typical  inflammation,  is  essential  to  and  characteristic  of 
it  ;  and  here  we  at  once  meet  with  some  very  important 
divergences  of  opinion  still  prevalent,  and  some  of  which, 
at  least,  I  am  sustained  by  a  hope  of  being  able  here  to 
reconcile. 

§  26.  Ignoring  now  some  of  the  relatively  less 
important  results  of  the  study  of  inflammation  or  of  its 
equivalents  in  the  invertebrata  ;  and  also  holding  as  less 
important,  for  the  moment,  the  influence  among  inverte- 
brata   of    such    vascular    and    nervous    systems   as    they, 
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or  at  least  some  of  them,  possess,  and  the  contrasts  of 
the  processes  exhibited  in  these  vascular  invertebrates, 
when  seen  in  the  non-vascular  forms  ;  it  can  be  said  that 
as  a  broad  result,  in  such  responses  to  "injurious  irrita- 
tion "  as  are  most  widely  found,  the  vascular  changes 
retire  into  a  relatively  back  place  ;  the  proliferative 
changes  come  more  forward,  and  then,  as  may  be  seen 
also  in  the  non-vascular  tissues  of  man,  the  proliferative 
changes  are,  if  not  the  sole,  at  least  the  more  constant, 
prominent  and  characteristic  manifestations  in  the  process. 

Among  the  series  of  changes  present  as  manifestations 
of  all  inflammations  in  animals,  without  doubt  such 
proliferative  phenomena  are  necessarily  associated  in 
disease  as  in  health  with  at  least  an  equivalent  supply  of 
growth-materials  ;  and  so  the  essentials  of  a  vascular 
supply  are  always  present  ;  and  in  this  way,  the  inclusion 
of  the  invertebrata,  especially  of  the  non-vascular  ones, 
has  tended  to  increase  the  relative  significance  of  the  cell- 
proliferations  among  the  manifestations  of  inflammation, 
and  to  reduce  the  circulatory  responses  relatively. 

In  this  way  it  has  also  resulted  that  the  responses  to 
irritant  actions  in  the  invertebrata  are  found  to  be 
manifested  in  modes  which  bring  them  nearer  to  those 
we  have  seen  so  markedly  developed  in  plant  galls. 

It  is,  however,  to  be  constantly  borne  in  mind,  that, 
notwithstanding  the  increased  attention  recently  given  to 
inflammations  or  their  equivalents  in  invertebrata,  they 
have  not  yet  been  studied  with  such  fulness  of  detail,  or 
success,  as  has  typical  inflammation,  or,  I  think,  even  as 
the  responses  to  irritation  presented  to  us  in  plants. 
Perhaps  partly  for  this  reason,  it  has  to  be  acknowledged 
that  some  diversity  of  view  is  apparent  still,  not  only  in 
regard  to  the  general  theory  of  what  in  the  invertebrata 
is  the  equivalent  of  a  typical  inflammation,  but  as  to  some 
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of  the  facts  observed,  or  rather  as  to  the  true  significance 
of  the  appearances. 

Thus,  it  may  be  said  in  regard  to  the  local  accumula- 
tions of  cells,  or  of  phagocytes,  at  or  near  a  focus  of 
"  injurious  irritation,"  the  sources  and  significance  of 
which  accumulations  may  be  open  to  discussion,  that 
in  every  such  case  it  cannot  be  questioned  that  a  cell- 
proliferation  has  taken  place  somewhere  in  the  same 
irritated  organism  ;  that  it  has  then  been  related  somewhat 
to  the  irritant  actions  ;  and  that  during  the  process  of 
accumulation  and  by  it  some  damage  is  done  to  the 
organism,  whatever  may  happen  afterwards. 

It  needs,  therefore,  no  further  argument  to  show  that 
in  all  animals  inflammation  or  its  equivalent  can  be 
generally  and  rightly  accepted  as  met  with  ;  but  it  remains 
a  matter  of  controversy  what  is  meant  by  the  equivalent, 
in  the  invertebrata,  of  a  typical  inflammation  as  accepted 
in  man  or  in  frogs. 

§  27.  As  a  contribution  to  the  clearing  up  of  this 
question,  I  recall  to  mind  that  the  nine  heads  already 
spoken  of  in  connection  with  typical  inflammation  in  man 
and  in  higher  animals  all  arise,  and  all  apply  in  all  animals, 
higher  and  lower,  vertebrate  and  invertebrate,  vascular 
and  not ;  for  all  of  them  are  liable  to  injuries,  and  to 
"injurious  irritations,"  and  all  respond  thereto,  in  modes 
varying  with  the  extrinsic  causes  of  injury,  and  of 
"injurious  irritation,"  and  also  with  the  evolved  intrinsic 
faculties  of  the  injured  or  irritated  thing  ;  and  from  these 
some  can  recover. 

As  it  may  be  said  with  much  confidence,  that  within 
the  said  nine  heads  are  included  the  essential  problems 
of  repair,  inflammation,  and  recovery  ;  and  as  in  all  the 
invertebrata  all  the  same  heads  are  presented  to  us  for 
study,  we  may    legitimately    conclude    that   such    of    the 
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phenomena  manifested  in  inflammation  as  are  common  to 
all  animals,  and  are  never  absent  in  any  of  them,  are 
the  essentials,  and  so  are  the  characteristics  of  it,  because 
they  alone  are  constant  ;  and  if  this  be  so,  then  some 
form  of  modified  and  damaging  proliferation  of  structural 
units,  or  of  cells,  or  of  both,  is  the  constant  we  are  in 
search  of,  for  all  inflammations  in  all  animal  organisms. 

But  this  conception  is  not  generally  accepted,  rather  it 
is  disputed  or  denied  by  most  of  the  greater  schools  of 
animal  pathologists. 

Thus,  it  may  be  said,  that  in  all  animal  organisms, 
if  my  views  can  be  sustained,  inflammation,  or  its 
equivalent,  occurs  in  some  form  ;  and  that  the  only 
form  which  constantly  prevails  is  a  proliferation  of  the 
structural  units  of  cells,  or  of  the  cells  themselves,  or  of 
both  ;  but  that  in  all  cases  it  is  so  modified  by  the  irritant 
acting  disadvantageously  for  the  responding  organism, 
and  at  the  same  time  fitly  related  to  the  irritant  ;  so 
that,  for  the  present  at  least,  it  is  the  only  known  constant 
amid  the  variable,  in  inflammation  or  its  equivalent  of  any 
form  in  any  animal  ;  and  by  this  character  it  can  be 
recognised  always  as  the  response  to  "  injurious  irritation." 

Can  these  views  and  statements  be  sustained  ?  I  think 
yes.  They  are  disputed,  I  grant,  and  some  of  them  are 
denied.  But  they  can  be,  I  think,  established  by  obser- 
vations in  comparative  pathology,  in  animals  and  plants. 

Even  some  of  those  pathologists  who  have  specially 
surveyed  the  whole  field  of  animal  organisms,  including 
some  of  the  organisms  below  the  inferior  boundary  of 
animals,  or  at  its  ill-defined  lower  margin,  and  have  com- 
pared the  whole  in  a  comparative  study  of  inflammation, 
have  been  led  to  the  conclusion  that  there  does  exist  a 
break  of  real  and  grave  importance,  in  the  series  of  changes 
which  animals  exhibit  when  "  injuriously  irritated,"  and 


142  THE    INFLAMMATION    IDEA 

dispute  or  deny  the  teaching  that  an  unbroken  series  of 
such  changes  can  be  traced  between  a  monad  and  a  man 
in  this  series  o£  changes. 

Thus,  Metchnikoff,  although  accepting  the  existence  of 
inflammatory  responses  to  "injurious  irritation"  in  some 
invertebrata,  and  although  contributing  himself  largely  to 
the  knowledge  we  possess  of  the  actual  changes  seen  in 
the  lowest  animal  organisms  as  consequences  of  such 
"  injurious  irritation,"  denies  that  such  changes  can  all  be 
considered  as  inflammations,  or  their  equivalents,  or  are 
in  an  unbroken  series  with  that  succession  of  changes,  in 
the  higher  animals,  to  which  all  apply  that  term.  He 
contends  that,  in  animals  below  those  which  have  or  have 
had  a  mesoderm,  inflammation  or  its  equivalent  does  not 
occur,  and  cannot,  because  the  mechanism  which  he  thinks 
is  involved  in  its  manifestations  is  in  them  non-existent, 
not  having  been  evolved.  That  is  to  say,  the  resulting 
difi^erentiations  of  a  mesoderm  are  not  found  in  the  lowest 
animal  organisms. 

His  position  is  much  like  that  of  those  pathologists  who, 
conceiving  of  inflammation  as  necessarily  and  essentially 
a  vascular  change,  are  obliged  to  deny  the  possibility  of 
its  occurrence  in  non-vascular  tissues,  or  in  non-vascular 
organisms.  He,  as  they,  having  first  framed  a  definition, 
which  is  rigid  and  exclusive  of  some  tissues  and  some 
organisms,  is  bound  by  it,  even  to  the  extent  of  leaving 
out  of  the  whole  theory  some  portions  of  the  field  he  has 
surveyed,  to  wit,  tissues  and  organisms  of  a  non-vascular 
structure,  and  so  also  in  his  own  theory  all  the  lowest 
animals,  or  those  without  a  mesoderm  ;  and  this  he  does, 
while  not  denying  that  in  these  tissues,  and  organisms, 
also,  some  characteristic  responses  to  "  injurious  irritation  " 
do  occur,  for  which  no  name  is  given  to  replace,  or  be 
the  equivalent  of,  the  inflammation  denied,  and  he  gives 
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no  theory,  or  at  least  none  of  a  satisfactory  kind,  by 
which  such  phenomena  as  are  admittedly  found  are  ex- 
plained, or  are  put  into  a  known  category. 

The  responses  are  said  to  be  not  inflammation,  and 
not  its  equivalent  ;  and  yet  are  they  thought  of  as 
something  which,  if  it  were  more  developed,  would  be  an 
equivalent  of  inflammation,  or  even  that  process  itself. 
This  or  a  similar  unsatisfactory  position  is  a  necessary 
consequence  of  any  definition  of  inflammation  which  is 
not  comprehensive  enough  to  include  all  living  organisms. 

Metchnikoff,  however,  although  he  indicates  a  decided 
break  in  the  responses  to  "  inj  urious  irritation  "  met  with 
in  animals  beneath  those  with  a  mesoderm,  and  separates 
them  from  typical  inflammation,  does  trace  some  con- 
nection ;  which  is  conveyed  in  his  view  that  inflammation 
is  evolved  like  a  normal  faculty,  and  is  seen  at  its  highest 
stage  of  development  in  the  highest  animals,  though  not 
yet  perfect  even  in  them  ;  and  in  the  lowest,  is  so 
undeveloped  that  a  distinct  break  can  be  traced  at  the 
point  in  the  animal  series  where  the  mesoderm  has  not 
yet  been  evolved. 

For  him,  .then,  I  conclude  that  the  responses  to 
"  injurious  irritation  "  in  the  lowest  animal  organisms  are 
not  considered  inflammation,  only  because  in  them  the 
mechanisms  which  that  process  demands,  in  his  definition 
of  it,  are  not  developed;  but  that  in  them  "injurious 
irritations  "  and  the  responses  thereto  do  occur  he  does 
not  doubt,  although  these  he  gives  us  no  name  for,  while 
he  implies  that  they  may  represent  or  be  equivalent  to  an 
undeveloped  inflammation. 

If  his  definition  be  not  sound,  or  can  be  shown  to  be 
inadequate,  this  ground  or  reason  for  saying  that  a  real 
break  exists  in  the  animal  series,  as  to  the  kinds  of  the 
responses  to  "injurious  irritation,"  fails.     Also,  if  it  be 
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shown  that  inflammation  cannot  rightly  be  regarded  as 
a  normal  process,  or  as  one  which  is  evolved  in  animal 
organisms,  is  most  developed  in  the  highest  and  less  so 
in  the  lowest,  then  also  his  view  as  to  the  said  break  in 
the  series  fails. 

That  his  definition  of  inflammation  is  inadequate,  at 
least  for  any  satisfactory  theory  of  inflammation  in  general 
pathology,  is  proven,  I  think,  by  its  necessarily  excluding 
an  immense  number,  perhaps  even  a  majority,  of  animal 
organisms,  and  all  plants  ;  and  also  by  its  inadequacy  as  a 
satisfactory  explanation  of  a  typical  inflammation  itself  as 
seen  in  man,  in  all  his  parts  and  tissues. 

This  I  will  not  seek  to  establish  in  detail  here,  as  the 
attempt  to  do  so  would  be  somewhat  out  of  place  ;  and 
for  the  moment  it  must  suffice  to  say,  it  is  not  proven, 
or  even  I  think  generally  accepted  ;  and  if  this  be  so,  it 
does  not  justify  his  assertion  of  the  existence  of  the  break 
he  contends  for  in  the  series  of  changes  after  "injurious 
irritation  "  in  all  animals,  by  which  the  lowest  are  excluded, 
as  well  as  all  plants,  from  the  field  of  view,  and  from  the 
theory. 

§  28.  That  inflammation  is  not  rightly  to  be  regarded  as 
an  evolved  and  normal  faculty,  seems  to  me  certain  ;  for 
although  I  fully  accept  the  doctrine  that  not  only  all 
animals,  but  all  organisms,  plants  not  less  than  animals, 
necessarily  possess,  and  have  evolved  by  a  survival  of  the 
fit,  faculties  both  for  repair  of  waste  and  of  injury,  I  am 
not  able  to  accept  the  doctrine  which  Metchnikofi^  pro- 
pounds, that  inflammation  itself  is  also  to  be  regarded  as 
such  an  evolved  faculty  of  repair,  or  as  a  salutary  response 
to  injury  of  any  kind,  for  the  fact  that  it  is  constantly 
more  damaging  than  reparative  in  the  focus  contradicts 
this  doctrine.  And  the  established  fact,  that  in  every  typical 
and  other  inflammation,  so  long  as  it  lasts,  and  in  pro- 
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portion  as  it  is  intense,  damage  is  done  in  and  by  the 
process,  proves  that  it  never  could  have  been  evolved 
by  a  survival  of  the  fit. 

I  therefore  must  reject  this  doctrine,  deny  that 
inflammation  is  itself  a  reparative  process,  or  is  an 
evolved  and  salutary  faculty,  and  therefore  this  ground 
for  the  assertion  that  the  lowest  animal  organisms  which 
had  not  evolved  a  mesoderm  are  separable  from  the 
highest  by  a  distinct  break  in  the  characters  of  the  series 
of  responses  to  "injurious  irritation,"  and  that  in  them 
neither  inflammation  nor  its  equivalents  can  occur. 

Rather  I  hold  that  all  the  animal  organisms,  high  and 
low,  as  well  as  plants,  have  been  evolved  by  a  survival 
of  the  fit,  and  have  thus  evolved  truly  reparative  faculties 
which  are  efficient,  and  are  known  thereby  ;  that  these 
faculties  are  liable  in  all  organisms  to  be  perturbed  by 
irritant  actions,  and  then  to  be  inefficient,  and  themselves 
to  do  damage  in  the  process  ;  and  that  then  inflammation 
or  some  real  equivalent  thereof  is  present  ;  but  that  such 
inefficiency  of,  or  perturbation  of  repair,  is  not  itself  a 
faculty  evolved  by  a  survival  of  the  fit,  although  the 
faculty  of  repair  so  perturbed  had  been  so  evolved  ;  and 
that  such  a  normal  repair  faculty  varies  in  diff*erent 
organisms,  and  tissues  of  each,  in  kind  and  degree,  yet  is 
it  altogether  absent  in  none  ;  but  it  persists  as  an  active 
factor  in  and  throughout  the  process  of  a  response  to 
"  injurious  irritation "  even  when  it  is  perturbed,  i.e. 
during  an  inflammation,  although  then  it  acts  inefficiently 
and  does  damage  ;  yet  it  is  always  traceable  throughout 
all  animal  and  all  plant  organisms,  without  a  true  or  a  real 
break,  in  any  of  its  chief  or  essential  factors  ;  that  is,  in 
the  evolved  faculties  of  repair,  and  in  the  not  evolved 
perturbations  thereof. 

But  in  regard  to  these  last,  it  is  always  found  that  the 
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influence  of  the  perturbator  or  the  irritant  is  traceable  as 
that  which  irritates  and  misdirects  the  intrinsic,  evolved 
faculties  of  repair,  which  may  or  may  not  ultimately 
prevail,  and  recovery  may  begin  ;  but  if  so,  then  only 
when  and  if  the  perturbator  or  irritant  has  at  least 
relatively  ceased  from  some  cause,  and  no  longer  domi- 
nates or  misdirects  the  responses. 

So  considered,  inflammation,  typical,  or  only  seen  as 
some  equivalent  thereof,  cannot  be  itself  an  outcome  of 
evolution  by  a  survival  of  the  fit  ;  rather,  it  is  a  disorder 
or  a  casual  disturbance  of  the  evolved  faculty  of  repair, 
and  so  it  is  always  antagonistic  to  it.  It  is  a  true  disease 
process,  a  casualty,  and  this  is  proven  sufficiently  by  the 
constancy  of  damage  present  in  all  inflammations  of  every 
type  and  degree  in  all  organisms,  animal  or  plant. 

§  29.  I  need  not  therefore  now  hesitate  to  say  that 
inflammation  of  some  type  or  degree,  or  its  equivalent,  is 
met  with  in  all  animal  organisms  ;  and  I  venture  to  add 
that  it  should  be  considered  as  coextensive  in  animals  with 
repair,  of  which  it  is  a  disorder  or  a  perturbation,  and 
that  it  is  not  to  be  confounded  with  the  faculty  which  is 
perturbed,  as  MetchnikoflF's  teachings  tend  to  do. 

One  result  of  the  extension  of  the  area  of  observation 
for  the  study  of  inflammation  in  animals  is  therefore  to 
help  us  to  bridge  over  the  gulf  by  many  pathologists 
supposed  to  exist  between  man  and  moss,  in  the  responses 
to  "  injurious  irritations  "  ;  and  thus  we  are  brought  to 
the  acceptance  of  all  organisms  as  included  in  the  area  for 
the  comparative  study  of  inflammation. 

Here  it  is  expedient  to  reconsider  the  view  I  expressed 
at  p.  16  of  the  Address  (1893),  "that  the  reactions  of  all 
living  tissues  to  irritants  are  rightly  considered  as 
inflammations,"  and  to  point  out  that  the  passage  had 
then  a  special  relation  to  plants  ;  but  as  it  is  followed  by 
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another  which  says,  "  A  general  theory  of  inflammation- 
should  include  all  organisms,"  it  applies  to  the  subject- 
matter  of  this  section,  and  so  it  includes  animals.  In  the 
first  section  I  acknowledged  that  this  doctrine  was  not 
generally  held,  either  as  regards  the  first  or  the  second 
clause  ;  now  I  venture  to  say  that  it  is  tenable  and  well 
grounded  in  each  of  its  parts.  A  verbal  qualification  is, 
however,  wanted  to  make  the  meaning  clear,  namely,  that 
"injurious  irritations"  should  be  the  term  used  instead 
of  "  irritants,"  and  so  the  doctrine  should  be,  that  the 
reactions  or  responses  to  "  injurious  irritations  "  of  all  living 
cells  or  tissues  are  rightly  considered  as  inflammations  in  all 
organisms^  plants  or  animals.  So  expressed,  however,  it  is 
not  explicitly  stated  that  all  the  reactions  or  responses  to 
"  injurious  irritation "  in  all  living  organisms  are  mani- 
festations of  an  inflammation,  or  that  such  manifestations 
are  set  up  only  by  "injurious  irritation"  and  not  by  any 
other  causes. 

Yet  is  this  view  implied,  it  is  tenable,  and  is,  I  think,  in 
the  main  true.  I  grant  that,  as  "  injurious  irritation  "  is  a 
cryptic  change,  and  is  itself  not  appreciable  by  observation, 
and  even  the- irritant  cause  of  it  may  often  be  undiscover- 
able,  so  that  the  observer  very  often  has  to  rely  solely  or 
mainly  then  upon  the  phenomena  seen  in  the  responses, 
in  order  to  discover  it  ;  yet  in  animals  particularly, 
pathologists  have,  I  think  on  adequate  grounds,  accepted 
such  evidences  that  inflammation  was  present  ;  and  they 
have  been  fully  justified  in  assuming  in  these  cases  the 
previous  or  concurrent  influence  of  the  irritant  and  the 
"  injurious  irritation." 

See  for  examples  variola,  scarlet  fever,  and  syphilis  in 
its  various  manifestations,  and  many  other  maladies,  the 
number  of  which  was  much  greater  before  the  develop- 
ment   of    bacteriology.       So    that,    given    certain    close 
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resemblances  and  analogies  in  the  characters  of  the 
responses  observed,  inflammation  was  and  is  confidently 
diagnosed,  and  held  to  imply  a  concurrent  "  injurious 
irritation,"  upon  the  evidence  of  the  manifestations  seen 
in  the  responses  ;  and  thus,  I  think,  is  justified  the  whole 
of  the  above  statement,  if  and  when  the  said  manifestations 
were  truly  characteristic  of  accepted  forms  of  inflammations. 

The  second  part  of  it  is,  indeed  I  think  has  been,  herein 
further  justified  by  the  facts  given,  which  go  to  show  that 
no  other  known  cause  of  or  constant  in  any  inflammation 
in  any  organism  has  been  demonstrated.  In  animals 
therefore,  perhaps  even  more  distinctly  than  in  plants,  the 
idea  of  inflammation  as  a  constant  and  necessary  con- 
sequence and  concomitant  of  "  injurious  irritation  "  seems 
to  be  well  founded  ;  so  much  so  that,  even  although  the 
latter  is  only  an  inference  founded  upon  facts  observed  in 
a  characteristic  response,  it  is  yet  confidently  inferred  and 
accepted. 

§  30.  If  this  conclusion  be  as  well  established  as  I  think 
it  is,  it  follows  that  all  the  disease-products  which  present 
to  us  the  characteristic  manifestations  of  inflammation, 
whether  with  or  without  any  discoverable  agent  of  irritant 
actions,  or  any  "injurious  irritations,"  are  to  be  considered 
as  inflammations  of  some  type,  whether  or  no  they  have 
hitherto  been  included  in  that  category  ;  and  thus  are 
included,  I  think,  many  new  growths  or  so-called  tumours  ; 
and  this  conclusion  applies  with  especial  force  to  the  so- 
called  malignant  growths,  whatever  be  the  tissue  which 
they  begin  or  develop  in,  or  spread  to  ;  whether  it  be 
epithelial,  endothelial,  connective,  or  any  other  ;  and 
whatever  may  be  the  grade  of  malignancy  they  present. 

Such  malignant  new  growths  are  often  said  to  be  dis- 
tinguished, in  part,  by  their  autonomy  of  growth  ;  but  in 
this  respect  they  are  at  least    equalled  by  some  benign 
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tumours,  by  typical    inflammations,  and  they  are  indeed 
exceeded  by  some  plant  galls,  e.g.  those  on  the  purple  willow. 

They  are  not  separable  from  inflammations  by  their 
frequently,  indeed  almost  constantly,  fatal  termination,  by 
their  infectivity,  local  or  general,  nor  by  the  lines  and 
directions  or  extents  to  which  they  spread,  nor  by  the 
cells  and  tissues  in  which  they  begin  and  develop  ;  for  in 
this  regard,  like  inflammations,  they  are  met  with  in  all 
cells  and  tissues  which  proliferate  and  develop. 

Neither  are  they  separable  by  the  regressive  and  necrotic 
changes  they  produce,  nor  by  the  concurrent  progressive 
cell-proliferations  and  developments  they  present,  often  in 
great  excess  and  disorder — although  this  statement  is  much 
controverted. 

Nor  can  it  be  said  that  they  are  distinguishable  in  their 
etiology,  for  this  has  not  as  yet  been  confidently  made  out 
for  malignant  neoplasms  ;  and  some  authorities  of  weight, 
even  among  those  who  explicitly  deny  that  it  is  parasitic, 
while  they  cannot  and  do  not  deny  the  local  infectivity  or 
at  least  spread  of  the  malignant  new  growths,  yet  freely 
grant  that  some  irritation,  often  thought  of  as  chemical  or 
mechanical,  is  sometimes  an  important  factor  in  it  ;  and 
such  "irritation"  must  be  "injurious." 

Neither  can  it  be  said,  that  when  studied  comparatively 
in  other  organisms  they  are  separable  ;  for  this  study, 
although  it  has  been  carried  on  mainly  in  vertebrate 
animals,  has  not  yet  been  adequately  extended  to  the 
invertebrata  or  to  plants  with  that  completeness  which 
enables  anyone  to  say  that  any  living  organisms  are  free 
from  such  disease  manifestations. 

§  2)Oa.  True,  a  recent  report  to  the  lay  public,  in  the 
Times  of  July  9,  1904,  by  the  Cancer  Research  Fund 
Committee,  says  that,  as  cancer  has  been  found  to  pervade 
the  whole  of  the  vertebrata,  and  in  them  presents  "  constant 
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fundamental  characters,"  so  as  almost  to  imply  that  in  other 
living  organisms  it  is  not  present,  while  granting  that  no 
a  priori  grounds  exist  for  assuming  that  cancer  may  not 
be  found  in  the  invertebrata,  concludes  also  that,  as  the 
vertebrata  live  under  very  diverse  conditions  of  food, 
habitat,  etc.,  such  "  external  agencies  have  no  causative 
influence." 

This  conclusion  is  certainly  not  warranted  by  the  facts 
stated  in  the  report,  and  it  would,  I  think,  be  as 
justifiable  to  say,  that  "external  agencies"  have  no 
etiological  significance  in  the  production  of  many  typical 
inflammations,  even  the  parasitically  induced  ones,  which 
in  many  of  their  characters  closely  resemble  malignant  new 
growths,  whether  called  cancer  or  not,  as  it  is  to  make 
this  virtual  exclusion  of  all  extrinsic  causal  factors,  and 
the  consequent  limitation  of  the  etiology  to  the  intrinsic 
ones  only,  at  the  very  beginning  of  an  original  research 
upon  cancer  and  its  causes. 

The  same  report  also  says  :  "  It  is  not  permissible  to 
seek  for  the  causative  factors  of  cancer  outside  the  life- 
processes  of  the  cells  ;  and  it  has  been  possible  by  the 
experimental  study  of  transplanted  tumours  to  elicit  proofs 
that  these  factors  must  be  sought  in  these  life-processes  " 
— a  conclusion  which  is  as  little  justifiable  as  the  previous 
one,  of  which  it  is  a  repetition  in  more  precise  terms. 

§  -^ob.  However,  an  examination  of  the  "  Scientific 
Reports  on  the  Investigations  of  the  Cancer  Research 
Fund  Committee,"  No.  I.,  1904,  by  Dr  E.  F.  Bashford 
and  Mr  J.  A.  Murray,  shows  their  teachings  more  fully. 
In  it  they  say  (p.  10):  "The  wide  distribution  and 
identity  of  character  of  carcinomata  prove  that  cancer  is 
primarily  based  on  the  few  conditions  which  are  common 
to  the  forms  in  which  it  occurs,  and  only  incidentally 
a  problem  of  human  pathology." 
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This  may  be  true  in  the  limited  sense,  that  in  all  cases 
the  excessive  cell-proliferation,  misdirected  as  it  certainly- 
must  be  by  some  thing  or  influence,  rests  finally  upon  the 
evolved  intrinsic  reparative  faculties  of  the  organism,  in 
cancers  as  in  other  disease-processes  and  responses  ;  but  it 
by  no  means  therefore  excludes — nay,  its  acceptance,  I  think, 
demands — also  an  explanation  of  the  initial  misdirection,  as 
well  as  of  the  local  and  general  infectivity  or  spread,  and 
of  the  malignancy,  which  are  here  not  at  all  adequately  dealt 
with,  and  apparently  are  not  thought  to  be  demanded. 

So  that  it  by  no  means  follows  that  the  extrinsic  factors 
can  be  ignored  in  dealing  with  the  etiology  of  cancer, 
even  if  this  be  limited  to  the  conditions  to  which  the 
organism.s  liable  to  it  are  exposed.  Yet  Bashford  and 
Murray  say  (p.  10)  that  "  the  cytological  and  experimental 
investigations  of  carcinoma  as  a  whole  bear  out  this 
conclusion,  and  show  that  the  essential  factors  must  be 
sought  in  the  potentialities  residing  in  the  cells  which 
constitute  the  living  body.  The  great  diversity  of  the 
habitat,  food,  and  conditions  of  life  generally  of  the  forms 
in  which  malignant  new  growths  are  found,  relegates  such 
external  agencies  to  a  subsidiary  r61e,  if  they  play  any  part 
whatsoever  in  determining  the  incidence  of  the  disease." 

Surely  such  great  diversities  of  habitat,  food,  and 
conditions  of  life  of  the  animals  in  which  these  growths 
occur  also  suggest  that  they  may  possibly  be  potent 
factors  in  their  etiology,  and  by  no  means  justify  their 
exclusion  to  the  extent  here  contended  for. 

This  conclusion  is  somewhat  less  precise  and  explicit  than 
that  given  in  the  report  already  quoted  from  the  Times,  as 
it  does  not  say  distinctly  that  "  external  agencies  have  no 
causative  influence  "  ;  but  in  this  form  it  is  not  warranted. 
Nor  is  the  conclusion  justified  that  the  essential  factors 
exist  in  the  potentialities  of  the  cells. 
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Bashford  and  Murray  grant  (p.  lo)  that  "  the  character- 
istic common  feature  of  the  infective  diseases  is  not  the 
histological  lesion,  but  the  presence  of  the  causative 
organism.  In  cancer  the  histological  lesion  is  identical 
throughout,  and  at  present  constitutes  the  diagnostic 
criterion  "  :  and  they  add  that  the  "  artificial  transmission  of 
cancer  is  only  successful  within  the  species  in  which  it  has 
arisen." 

In  face  of  this  truth,  I  find  it  impossible  to  make  out 
from  this  report  what  is  the  exact  significance  of  the 
expression  "  identity  of  character  of  carcinomata  "  used  at 
p.  lo,  /.^.,  for  the  histological  lesion  constituting  the  diag- 
nostic criterion  is  not  set  forth  or  generally  established. 
They  apparently  infer  that,  as  no  causative  parasitic  organism 
has  as  yet  been  demonstrated,  for  cancer  none  exists  ;  or 
at  least  they  do  not  refer  to  any  ;  and  implicitly,  almost 
explicitly,  deny  that  any  such  can  be  operative  as  an 
important  causal  factor. 

The  fact,  as  it  with  our  present  knowledge  seems  to 
be,  that  cancers  can  be  experimentally  propagated  only  in 
animals  of  the  same  species,  although  of  value,  does  not 
serve,  as  they  seem  here  to  think  it  does,  to  shut  out  a 
parasitic  etiology  ;  for  the  fact  is  also  known  that  some 
parasites  are  limited  to  single  species  of  hosts,  and 
determine  in  them  characteristic  responses. 

They  do  not  describe  what  is  the  identical  histological 
lesion  relied  on  in  cancers,  and  accepted  as  a  diagnostic 
criterion,  and  they  assume,  without  giving  evidence,  that 
it  is  generally  accepted  in  cancers  as  an  adequate 
"  diagnostic  criterion"  ;  apparently,  not  only  for  carcinoma, 
but  also  for  all  other  malignant  new  growths,  their 
enormous  varieties  in  grades  of  malignity,  sites  and 
conditions,  and  the  existing  diversities  of  opinion  upon 
the  question  notwithstanding  ;  and  they  adopt  this  criterion 
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apparently  without  question  ;  so  that  the  "  diagnostic 
criterion  "  upon  which  their  whole  investigation  of  cancer 
in  animals  rests  is  of  no  more  real  significance  than  was 
the  histological  "  diagnostic  criterion  "  of  tubercle  before 
the  bacillus  was  demonstrated,  or  than  the  similar 
characteristics  of  variola  and  syphilis  in  man  now  are  : 
that  is  to  say,  as  significant,  in  the  ratio  of  the  closeness 
of  the  structural  analogies  they  present  to  other  inflam- 
matory responses  in  which  the  irritants,  parasitic  or  not, 
are  known. 

The  histological  diagnostic  criterion  of  cancers  here 
so  completely  relied  on,  is  even  less  valuable  than  was 
the  old  one  for  tubercle  before  Koch's  discovery  ;  because 
Bashford  and  Murray  use  the  term  cancer  very  often  as 
the  equivalent  of  malignant  neoplasms  generally  of  any 
type  ;  sometimes  as  the  equivalent  of  carcinoma,  thought 
of  as  a  particular  kind  or  variety  thereof,  limited  to 
epithelial  tissues  ;  and  sometimes,  while  recognising  the 
constant  persisting  distinctions  between  the  kinds  of 
malignant  neoplasms,  as  is  seen  in  their  study  of  the 
metastases,  they  refer  their  conclusions,  as  founded  upon 
carcinomata,  .chiefly,  though  not  solely,  to  other  and 
very  various  types  of  malignant  new  growths,  the  specific 
characters  of  which  are  but  little  known,  or  not  further 
than  their  histological  characters,  with  some  connection 
often  with  the  physiological  or  anatomical  types  of  the 
tissues  in  which  they  are  found.  So  studied,  the 
histological  criteria  of  malignant  neoplasms  vary  much,  are 
less  defined  than  carcinoma,  and  less  than  those  of  tubercle 
were  before  the  bacillus  was  discovered. 

In  conformity  with  their  general  doctrine  as  to  the 
intrinsic  etiology  of  cancers  or  malignant  neoplasms 
generally,  they  study  with  great  care  the  cell-proliferations 
met    with,    especially    the    mitoses  ;    while    they    neglect, 
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relatively  at  least,  any  inquiry  into  the  initial  etiology 
of  these  observed  variations  from  the  normal  cell-pro- 
liferations, in  the  primary  growth,  direct  or  indirect,  both 
of  which  they  apparently  grant,  although  they  attach,  as 
I  think  is  legitimate,  a  higher  importance  to  the  indirect 
or  the  mitotic  changes. 

Consistently,  as  they  have  excluded  all  extrinsic  causes 
of  the  changes  observed,  it  suffices  for  them  to  investigate 
thoroughly  the  intrinsic  phenomena,  the  causes  of  which 
they  however  ignore,  or  seem  to  think  are  given  in  the 
idea  of  intrinsic  changes. 

Having  "  in  the  first  annual  report  pointed  out  that 
the  investigation  of  the  problem  of  the  genesis  of  malig- 
nant new  growths  was  regarded  as  distinct  from  the 
question  of  the  conditions  of  growth,"  and  adding  that 
"  on  this  basis  a  comparative  study  has  been  undertaken 
of  the  mitoses  in  the  cells  of  malignant  and  benign  new 
growths  and  in  the  processes  of  repair  and  inflammation  " 
(p.  1 6),  they  did  not,  with  these  limitations,  feel  it  needful 
to  inquire  much  further  than  the  details  of  the  intrinsic 
phenomena  ;  and  in  any  case,  they  have  not  adequately 
studied  the  genesis  of  the  progressive  proliferations,  and 
their  relations  with  regressive  and  other  modifications, 
mitotic  and  not,  in  the  primaries  ;  but  only  the  details 
of  these  changes,  however  initiated,  in  new  growths  ;  and 
also,  in  repair  and  inflammation,  though  in  regard  to 
these  latter  with  less  completeness,  and  apparently,  at 
least,  not  in  such  detail  as  is,  I  think,  required  for  proof 
of  their  views. 

The  remarkable,  and  indeed  constant,  association  of 
regressive  modifications  with  the  progressive  ones,  and 
of  both  with  malignancy,  at  least  in  cancers  and  other 
malignant  neoplasms,  has  similarly  received  from  them 
but  scant  attention,  and  no  sufficient  explanation.     They 
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recall  with  appreciation  Von  Hansemann's  work  in  regard 
to  the  abnormal  mitoses  in  malignant  neoplasms,  and 
they  note  that  in  these  new  growths  cell-divisions  were 
observed  with  multipolar  mitoses,  often  multinuclear  in 
character,  that  there  were  also  diversities  in  the  amount 
of  chromatin  in  the  nuclei,  and  at  times  amitotic  division  ; 
but  these  results  are  here  given  without  any  definite  con- 
clusion thereon  being  reached. 

As  a  general  result  of  an  extended  search  into  the  in- 
filtrating peripheries  of  malignant  new  growths  in  various 
animals,  they  say  (pp.  16-18)  "that  the  cells  responsible 
for  these  processes  conform  closely  to  the  characters  of 
the  similar  surrounding  tissues,  both  in  their  histological 
form  and  in  the  character  of  their  mitoses."  And  they 
observed  a  tendency  for  multipolar  mitoses  also  to  occur 
there.  Such  abnormalities  of  mitosis  and  of  cell-characters 
were  studied  by  Von  Hansemann  in  man,  and  described 
by  him  under  the  general  term  "  anaplasia  "  ;  but  Bashford 
and  Murray  say  that  although  they  accompany  they 
cannot  be  made  responsible  for  the  malignancy  in  the 
new  growths. 

Von  Hansemann  grouped  the  variations  in  the  mitoses 
he  observed  into  those  with  the  normal  number  of 
chromosomes,  those  with  fewer,  hypochromatic,  and  those 
with  a  higher  number,  hyperchromatic.  He  studied  the 
modes  of  production  of  the  hypochromatic  mitoses,  either 
by  asymmetrical  mitosis,  or  by  a  casting  out,  or  by  a 
degeneration  of  individual  chromosomes.  From  such 
hypochromatic  nuclei  there  arose  sometimes  nuclei  with 
a  higher  number  of  chromosomes,  in  some  ways  not 
clearly  explained.  He  did  not  find  or  give  a  constant 
number  of  chromosomes  either  in  the  normal  or  the 
hypochromatic  nuclei  ;  the  numerical  reduction  was  there- 
fore variable,  and  was  quite  unlike  that  met  with  in  the 


156  THE   INFLAMMATION   IDEA 

history  of  normal  reproductive  cells.  He  associated 
these,  and  some  other  changes  in  the  mitotic  figures, 
with  the  altered  biological  characters  of  the  cancer  cells  ; 
and  he  was,  in  fact,  apparently  content  to  find  the  steps 
of  the  process,  without  inquiring  further  into  their  initia- 
tion. He  opposed  the  parasitic  theory,  even  if  he  did 
not  explicitly  declare  against  all  extrinsic  factors  in  the 
etiology  of  cancers. 

Bashford  and  Murray  confirmed  Von  Hansemann's 
statements  as  to  the  occurrence  in  malignant  new  growths 
of  hypochromatic  nuclei,  i.e.  nuclei,  with  fewer  chromo- 
somes than  normal  ;  and  in  part  his  two  modes  by  which 
the  numbers  of  chromosomes  are  reduced,  and  also  the 
occurrence  of  the  hyperchromatic  nuclei,  in  their  re- 
searches, which  were  comparative. 

Bashford  and  Murray,  in  this  connection,  considered 
the  paper  by  Professor  Farmer,  Mr  Moore,  and  Mr 
Walker  {Proc.  Roy.  Soc.  vol.  Ixxii.),  who  investigated 
cancers  in  man  and  very  carefully  the  earlier  stages  of 
the  hypochromatic  nuclei,  concluding  that  the  reduction 
in  number  of  the  chromosomes  took  place  in  the  same 
way  as  it  occurs  in  the  ripening  of  the  spermatocytes  of 
animals,  and  in  the  spore  mother-cells  of  plants  :  who  also 
found  that  the  numbers  then  "  were  approximately  halved,, 
as  compared  with  those  of  the  somatic  mitoses"  (p.  19). 
And,  noting  that  "  in  the  maturation  of  the  gametes  of 
animals  and  plants,  bivalent  chromosomes  appear  as  rings 
and  tetrads,"  add  that  "  the  resulting  mitotic  figure  is  char- 
acteristic and  is  known  as  the  heterotype." 

This  result  is,  say  Bashford  and  Murray,  a  unique 
phenomenon  in  the  normal  life-history  of  organisms  ; 
and  this  association  of  bivalent  chromosomes,  with  their 
reduction  in  number  to  half  the  somatic  number  in 
malignant  new  growths,  is,  they  hold,  a  fact  of  very  great 
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pathological  importance.  They  also,  in  a  paper  read 
at  the  Royal  Society,  confirmed  this  observation  of  the 
occurrence  of  bivalent  heterotype  ring  and  tetrad  chromo- 
somes, in  malignant  new  growths  in  other  organisms, 
such  as  dog,  mouse,  trout,  cat,  horse  and  cow.  But 
they  failed  to  find  this  remarkable  change  in  the  cells 
of  the  stroma  of  a  carcinoma  which  were  somatic  in  type. 

They  found  that  in  these  heterotype  mitoses,  the 
chromosomes  were  in  many  cases  reduced  to  exactly 
half  the  somatic  number,  and  they  add  :  "  The  occur- 
rence of  a  series  of  nuclear  changes  in  malignant  new 
growths  throughout  the  whole  extent  of  their  known 
distribution  parallel  to  those  characteristic  of  the  matura- 
tion of  the  sexual  elements  of  the  metazoa  is  a  fact 
established  beyond  doubt "   (p.   20). 

A  difficulty  arises,  however,  in  comparing  the  relations 
of  the  series  of  changes  in  the  nuclearplasm  and  in  the 
cytoplasm,  in  the  sexual  elements  during  maturation, 
with  those  met  with  in  the  malignant  new  growths  ; 
and  it  appears  that  whereas,  in  the  former,  the  relative 
proportions  and  structures  of  the  cytoplasm  and  nuclear- 
plasm  are  constant  and  characteristic,  in  the  new  growths 
this  is  not  so. 

In  this  respect,  then,  cancer  cells  differ  from  the  cells 
of  sexual  tissue.  Some  of  the  differences  found  between 
normal,  i.e.  sexual  heterotype  mitoses,  and  malignant  ones 
are  described  and  figured  by  Bashford  and  Murray  at 
pp.  21  and  28,  but  no  well-grounded  conclusions  seem 
to  me  to  be  derived  therefrom. 

In  the  course  of  this  investigation,  it  should  be  noted 
that  heterotype  mitoses  are  met  with  in  cancer  cells  which 
are,  at  least  in  part,  degenerating,  and  in  this  way,  i.e.  by 
degeneration,  Bashford  and  Murray  explain  the  frequent 
non-development  of    the  heterotype  amphiaster,  but   no 
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explanation  is  given  of  the  degeneration.  I  must  call 
attention  here  to  the  remark  by  Bashford  and  Murray 
(p.  22),  that  "  in  estimating  the  significance  of  the  heterotype 
mitosis  in  malignant  new  growths,  however,  the  mode  of 
its  occurrence  must  be  considered,  and  the  established  nature 
of  the  local  origin,  mode  of  growth,  dissemination  and 
power  of  differentiation,  of  cancerous  tissues  borne  in 
mind  "  ;  and  I  must  also  comment  thereon,  that  we  know 
not  "  the  mode  of  occurrence,"  or  the  "  established  nature," 
or  "the  mode  of  growth,"  all  of  which  are  questions  under 
investigation,  and  so  should  not  be,  as  seems  herein  to  be 
the  case,  assumed, 

Bashford  and  Murray  grant,  that  "  all  the  cells  of  a 
malignant  new  growth  do  not  undergo  this  series  of 
changes"  (p.  22),  that  is,  the  heterotypical  ;  "many 
undergo  a  differentiation  into  elements  with  the  characters 
of  the  mature  form  of  the  tissue  among  which  they  arise." 

This  proliferation  of  cells,  with  differentiation  into 
forms  like  those  of  the  newer  normal  tissues,  does  not,  as 
they  assert,  at  all  justify  their  position  that  the  cancer 
cells  alone  proliferated  and  differentiated.  The  nearer 
tissue  cells,  may  and  I  hold  often,  or  indeed  in  carcinoma 
always,  do  so  grow  and  develop. 

It  is  more  noteworthy,  in  regard  to  my  question,  that 
the  number  of  cells  undergoing  a  heterotype  mitosis  varies 
in  different  malignant  tumours,  is  not  constant  and  does 
not  include  all  ;  being  small  often  in  tumours  of  slow 
growth,  and  not  always  numerous,  often  indeed  the 
reverse,  in  tumours  in  which  a  rapid  cell-growth  is 
present.  The  number  varies  even  in  the  descendants  of 
one  and  the  same  tumour,  at  different  stages  in  its 
metastases,  and  in  the  daughter  tumours,  as  when  trans- 
planted into  a  mouse. 

In    short,    this    heterotype    change    is    not   a    constant 
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throughout  the  process,  does  not  measure  it,  and  of  it 
"  a  direct  relation  to  the  degree  of  malignancy  has  not 
been  established"  (p.  22). 

Further,  "  the  mitoses  encountered  in  the  growing 
margin  are  uniformly  of  the  somatic  type,  even  in  the 
multipolar  figures  thus  far  observed  in  this  position" 
(P-   22). 

Again,  "  in  some  cases,  where  rapid  degeneration  is  a 
characteristic  phenomenon,  heterotype  mitosis  may  be 
difficult  to  find"  (p.   22). 

They  add  :  "  These  considerations  militate  very  strongly 
against  the  value  of  the  heterotype  as  a  diagnostic  criterion 
of  malignancy"  (p.  22).  And  it  is  obvious  that  the 
heterotypical  change  is  far  from  being  a  constant  one  in 
malignant  new  growths. 

This  is  true  and  important,  and  yet,  what  we  want 
is  an  explanation  of  the  etiology  of  malignancy,  and  of 
the  degeneration  and  the  regressive  changes  ;  for  these 
characteristics  are  very  constant  in  the  whole  series,  and 
are  remarkable  in  their  constant  association  with  progres- 
sive changes. 

Bashford  and  Murray  give  us  very  careful  records  of 
their  own  comparative  observations  on  heterotype  mitoses 
in  cancers,  so  as  to  enable  them  to  be  recognised  ;  and  as 
a  prelude,  note  that  the  mitotic  figures  of  the  normal 
body  in  repair,  and  growth,  are  all  somatic,  and  that  the 
same  is  true  of  those  met  with  in  various  animals  in  the 
processes  of  repair  and  inflammation,  although  of  this 
they  give  no  details  in  proof.  They  note  that  "  the 
number  of  chromosomes  in  a  somatic  nuclear  figure  is 
constant,  and  is  determined  by  the  union  in  one  equatorial 
plate  of  the  male  and  female  pronuclei,  during  fertilisation 
of  the  egg "  (p.  24).  But  it  must  be  remembered,  that 
such  somatic  nuclear  figures  are  frequent  in  cancers,  and 
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their  own  figures  are  taken  therefrom.  They  note  that 
this  number  is  retained  during  the  mitosis  by  the  equal 
division  of  the  chromosomes  longitudinally. 

They  distinguish  the  heterotype  mitoses  from  the 
somatic  by  three  characters  :  the  chromosomes  are  not 
V-shaped  loops,  but  rings,  ellipses,  or  tetrads  ;  the 
number  of  chromosomes  is  half  of  that  in  the  somatic 
mitosis  ;  and,  in  the  amphiaster  stage,  the  chromosomes 
do  not  project  laterally  beyond  the  spindle,  but  lie  with 
their  long  axes  parallel  to  it.  There  are  also  some 
distinctions  when  the  chromosomes  are  ring-shaped,  etc. 
They  note  as  an  important  fact,  that  "  the  heterotypical 
mitosis  in  the  maturation  of  the  sexual  elements  of  the 
metazoa  is  a  definite  stage  occurring  prior  to  fertilisation  " 
(p.  29).  Once  this  heterotype  mitosis  is  complete,  the 
subsequent  mitoses  in  the  nuclei  continue  with  only  the 
half  of  the  somatic  number  of  chromosomes. 

In  the  malignant  new  growths  the  heterotypical  mitoses 
in  the  nuclei  are  seen  with  diminished  and,  indeed,  often 
only  half  the  somatic  number  of  chromosomes,  without  it 
being  possible  to  find  exactly  how  the  diminution  in 
number  took  place.  In  these  heterotypical  mitoses  the 
chromosomes  conform,  however,  strictly  to  the  somatic 
type  in  their  forms,  direction  of  splitting,  and  arrangement 
on  the  spindle,  and  are  known  only  by  their  half  number. 

On  the  ground,  then,  of  this  similarity  of  pathological 
heterotypic  mitoses,  with  those  of  normal  reproductive 
tissues,  Farmer,  Moore,  and  Walker  concluded  that  the 
cancer  process  consisted  in  a  transformation  of  the  normal 
adult  tissues  into  a  modified  reproductive  or  "  gametoid  " 
tissue,  which  possessed  the  features  of  malignancy  ;  and 
that  the  absence  of  provision  for  casting  off  the  continu- 
ously formed  elements  accounted  for  the  continued  growth 
in  size  and  for  the  destruction  of  surrounding  tissues. 
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In  this  conclusion  no  attempt,  apparently,  was  made  to 
show  what  the  transformer  was  or  is  ;  and  the  authors 
(Farmer,  Moore,  and  Walker)  belong,  it  would  seem,  to 
the  school  of  intrinsic  etiologists,  or  at  least  they  very 
much  ignore  the  extrinsic  factors  in  the  etiology,  notwith- 
standing that  the  environment  is  never  absent,  and  is  never 
inoperative,  and  the  combination  of  intrinsic  and  extrinsic 
factors  is,  I  think,  always  constant  and  necessary. 

But  Farmer,  Moore,  and  Walker  (p.  30)  also  say  :  "What 
seems  to  emerge  from  a  general  consideration  of  the  whole 
range  of  facts  is  this,  that  in  the  higher  animals  and  plants 
the  post-heterotype  tissue,  with  its  own  independence  of 
organisation,  does  behave  towards  the  surrounding  tissues 
of  the  parental  individual  as  a  neoplasm.  So  far  as  the 
parent  is  concerned  the  new  growth  might  be  described  as 
a  pathological  one,  did  it  not  form  a  normal  stage  of  the 
life-history  of  the  species."  Thus  in  effect  they  deny  that 
a  malignant  neoplasm  is  a  pathological  product  ! 

Bashford  and  Murray  controvert  this  teaching,  largely 
on  the  ground  that  transplanted  sexual  tissues  have  no 
such  power  of  independent  growth  and  invasion  ;  and  as 
they  find  no  close  analogy  in  the  facts  of  histology  or  of 
experiment,  they  definitely  reject  it,  I  think  legitimately, 
on  many  grounds. 

They  also  attach  weight,  I  think  too  much  in  this  con- 
nection, to  the  fact,  that  sometimes  two  independent,  or 
at  least  distinct,  malignant  new  growths  may  coexist  in 
the  same  individual,  and  one  may  even  invade  the  other, 
as  each  does  the  host  tissues  ;  and  they  hold  that  this  fact 
shows  at  least  that  the  difference  between  reproductive  or 
sexual  tissue,  and  somatic  tissue,  is  not  alone  suflScient 
to  explain  the  behaviour  of  malignant  new  growths  towards 
the  host  and  to  each  other. 

Had  they  studied  the    galls    within    galls    set    up   by 

II 


1 62  THE   INFLAMMATION   IDEA 

Synergi,  and  not  excluded  all  extrinsic  influences  from 
their  ideas  of  the  etiology  of  malignant  neoplasms,  these 
tumours  invading  each  other,  or  the  host,  could  be 
otherwise  explained  ;  and  it  interests  me  here  to  note  that 
Farmer,  Moore,  and  Walker,  as  well  as  Bashford  and 
Murray,  freely  make  use  of  plants  in  their  investigations, 
when  and  if  they  seem  to  fit  in  with,  or  conform  to,  their 
general  views. 

The  latter  ask  (p.  30),  "  By  what  peculiar  process  does 
an  isolated  group  of  cancer  cells  give  rise  to  a  new  growth 
with  powers  of  proliferation  like  those  of  the  tumour  from 
which  it  was  derived  ? "  and  they  add  that,  were  this 
question  answered,  much  that  is  obscure  in  the  nature  of 
malignant  tumours  would  be  cleared  up.  No  doubt  it 
would,  but  the  tacit  assumption  in  the  question  is  not 
justified,  and  I  think  parasitism  here  is  strongly  suggested  ; 
and  if  all  the  facts  and  analogies  be  weighed,  its  importance 
is  such  as  to  demand  much  more  attention  than  is  here 
given  to  it.  It  would  render  needless  the  assumption  that 
the  isolated  group  of  cells  of  a  cancer  themselves  are 
efficient  causes. 

But  Bashford  and  Murray  have  previously  excluded  all 
environmental  or  extrinsic  etiological  factors  from  the  very 
foundations  of  their  research,  although  it  is  an  etiological 
one  ;  and  they  are  thus  limited  by  their  own  previous 
judgments  to  the  intrinsic  causal  factors,  which,  essential 
as  they  are,  cannot  be  the  sole  ones. 

As  they  have  given  no  definition  of,  or  any  adequate 
diagnostic  character  of  malignancy,  important  though  it  is, 
as  almost  the  sole  known  constant  character  in  the  whole 
group  they  deal  with  as  malignant  neoplasms  ;  and  as 
they  have  in  no  way  separated  such  malignancy  as  they 
deal  with  from  the  malignancy  which  is  as  real,  as  fatal, 
and  as  well  or   better  known  in  many  infective  inflam- 
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mations  ;  and  as  they  have  here  given  no  attention  to  or 
definition  of  their  idea  of  inflammation  of  any  type  ;  and 
as  they  have,  here  at  least,  not  defined  their  ideas  of 
neoplasms  as  a  whole,  or  of  the  autonomy  so  often  seen 
in  tumours,  and  also,  as  I  hold,  in  some  inflammatory 
responses  to  irritations  ;  they  are  not  in  a  position 
adequately  to  state  or  answer  their  own  question,  nor,  I 
think,  even  to  discuss  it  with  a  good  hope  of  finding  an 
answer. 

How  strictly  Bashford  and  Murray  have  previously 
limited  their  field  of  view,  is  shown  by  their  statements 
at  p.  15,  where,  after  referring  to  the  conclusions  reached 
by  the  study  of  the  zoological  distribution  and  comparative 
nature  of  cancer,  they  say,  "  that  the  latter  line  of  inquiry 
has  led  to  the  conclusion  that  the  elucidation  of  the 
problems  of  cancer  was  to  be  sought  in  the  potentialities 
of  the  cell  itself,  and  the  nature  of  the  transmissibility  of 
cancer  reduces  the  field  of  inquiry  to  the  cell  again,  and 
leads  one  to  seek  for  the  peculiarities  in  the  cell  life  of 
normal  and  cancer  tissues  which  limit  the  power  of  inde- 
pendent existence  in  the  former,  and  raise  this  power  to 
the  level  o£  being  the  chief  characteristic  of  the  cells  in  the 
latter." 

§  30^.  In  this  passage  an  abnormally  changed  condition 
is  accepted  in  the  cells,  and  the  cause  of  such  change  is 
left  without  investigation,  as  if  it  were  of  no  account, 
or  were  as  intimately  related  to  the  characters  of  the 
individual,  or  the  species,  as  are  the  normal  evolved 
intrinsic  reparative  faculties,  that  is  to  say,  as  if  the 
abnormal  were  normal.  Bashford  and  Murray  not 
only  sever  their  study  of  malignant  new  growths  from 
all  extrinsic  influences,  and  thus  limit  it  to  the  intrinsic 
faculties  of  the  cells  and  tissues  ;  and  so  also  sever 
the  initial  causes  of  the  changes  of  the  cells  and  tissues 


164  THE    INFLAMMATION    IDEA 

which  are  etiologically  essential  for  the  primary  growth 
from  the  conditions  or  causes  determining  the  peripheral, 
local,  and  metastatic  spread  of  the  malady  ;  but  they 
also  hold  that  such  spread,  especially  as  it  is  shown  in 
transplantation  experiments,  can  adequately  be  studied 
apart  from,  and  independently  of,  the  initial  cause  of 
the  primary  new  growth.  In  any  case,  this  severance 
is  arbitrary,  and  it  needs  a  complete  justification,  which 
is  not  given. 

They  endeavour  to  sustain  it  in  various  ways,  and  in 
part  by  adopting  the  now  widely  taught  pathological 
doctrine,  that  all  malignant  neoplasms  grow  and  spread 
only  by  an  extension  of  their  own  materials,  independently 
of  any  co-operation  by  proliferation  or  otherwise  of  the 
cells  or  tissues  of  the  affected  organism. 

But  this  doctrine  does  not,  I  think,  rest  upon  an 
adequate  basis  of  established  fact  ;  and  at  least  if,  as  I 
grant,  some  facts  can  be  adduced  in  its  support,  it  has  also 
some  difficulties  to  surmount  which  have  not  here  been 
duly  considered.  It  is  not  altogether  in  harmony  with 
their  own  statement  (p.  1 6),  "  that  as  a  general  result  of 
a  general  study  of  growing  and  infiltrating  surfaces  of 
many  malignant  new  growths  from  various  animals,  the 
conclusion  was  arrived  at  that  the  cells  responsible  for 
these  processes  conform  closely  to  the  characters  of 
the  similar  surrounding  tissues,  both  in  their  histological 
form,  and  in  the  character  of  their  mitoses."  Neither 
does  it  harmonise  well  with  their  statement  (p.  22),  in 
respect  of  many  of  the  cells  of  a  malignant  new  growth, 
that  "  many  undergo  a  differentiation  into  elements 
with  the  characters  of  the  mature  form  of  the  tissue 
among  which  they  arise." 

This  whole  question  is  one  of  great  complexity,  and  of 
equivalent   difficulty  to  decide  upon,  and  I   cannot  here 
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attempt  to  discuss  it  in  detail  ;  but  I  venture  to  urge 
that  the  confident  assertions  now  so  generally  made  by 
many  pathologists,  that  malignant  new  growths  spread  in 
the  suffering  organisms  as  do  parasites,  and  only  so,  need 
more  proof  than  has  yet  been,  so  far  as  I  know,  afforded — 
at  least,  if  we  at  the  same  time  take  due  account  of  the 
difficulties  which  such  a  doctrine  has  to  meet.  I  freely 
grant,  that  in  some,  if  not  equally  in  all,  malignant  new 
growths,  the  metastases  grow  and  spread  in  the  new  sites, 
e.g.  in  a  liver,  somewhat  as  grafts  do,  and  so  as  to  show 
there  histological  structures  like  those  of  the  primary 
growth,  and  often  unlike  those  of  the  new  site  ;  but  I 
do  not  grant  that  in  such,  and  allied  cases,  this  is  a  proof 
that  the  metastatic  growth  takes  place  only  out  of  the 
materials  of,  that  is,  only  out  of  the  cells  and  tissues  of, 
the  metastased  focus  itself,  as  does,  say,  a  tubercle  bacillus, 
or  a  cysticercus,  or  a  trichina  ;  and  I  contend  that  the 
new  growth  in  the  metastasis,  as  in  the  primary  tumour, 
does  not,  as  the  parasites  do,  derive  only  liquid  growth- 
materials  from  the  host  ;  but  also,  as  in  the  most 
characteristic  malignant  neoplasms  which  this  doctrine 
deals  with,'  that  is,  in  the  carcinomata,  may  derive  a 
large,  even  an  essential,  part  of  them — to  wit,  the  vascular 
stroma — by  a  demonstrable  series  of  steps  of  cell-prolifera- 
tion, from  the  similar  tissues  near  by.  And  this  fact  is 
but  one  among  many  allied  ones. 

I  cannot  accept  as  adequate  the  explanation  given  by 
many  pathologists,  that  the  vascular  stroma  in  a  carcinoma 
is  not  a  part  of  the  carcinoma  itself  ;  but  is  a  product  of 
an  inflammatory  response  in  which  the  epithelial  carcinoma 
cells  are  the  irritant  causes  ;  and  I  call  attention  to  the 
facts,  that  the  said  stroma  is  constant  and  necessary  in  a 
carcinoma  ;  that  it  shares  the  fates  of,  and  in  the  main 
measures,  in  each  tumour  the   progress   of   it   in   all    its 
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stages  and  grades  ;  that  so  it  really  is  inseparable  from 
the  epithelial  growth  ;  and  if  it  be  due  to  a  process  called 
inflammation,  such  process  is  at  least  a  constant  and  an 
essential  part  of  the  carcinoma  ;  even  if  it  be,  as  is 
generally,  and  as  I  think  wrongly,  taught,  that  the  whole 
response  is  not  an  inflammation,  as  I  hold  it  to  be. 

I  note  also,  that  the  stroma  of  carcinoma  is  not  strictly 
a  normal  connective  of  the  part,  is  not  shown  to  be  only 
an  inflammation  fibrosis,  and  is  not  as  yet  demonstrated 
to  be  differently  related  to  the  epithelial  proliferations 
near,  than  are  other  associated  tissues  of  different  physio- 
logical types  in  health  and  in  disease.  In  short,  it  is  an 
essential  constituent  of  the  new  growth,  and  is  as  necessary 
to  the  epithelial  growth  as  dermis  is  to  epidermis. 

It  can  scarcely  be  urged,  that  in  a  simple,  benign,  horny 
epithelioma  the  process  by  which  it  grew  was  complex — 
that  is,  was  an  intrinsic  one  for  the  epidermis  cells  and 
extrinsic  for  the  stroma  ;  nor  can  this  be  urged  for  the 
slightly  malignant  warts  so  closely  related  ;  and  if  this  be 
so,  the  most  malignant  carcinomata  must,  I  think,  stand 
in  the  same  pathological  category. 

§  30^.  I  may  not  here  pursue  the  train  of  thought  thus 
suggested,  by  the  argument  and  the  facts,  into  the  wide 
range  of  malignant  new  growths  not  included  in  the 
carcinomata,  such  as  the  various  forms  of  sarcomata,  the 
endotheliomata,  the  adenomata,  the  lymphadenomata,  and 
the  little-known  groups  of  malignant  teratoid  growths  ; 
but  I  may  say  that  they  at  least  prove  in  their  structures 
that  all  the  cells  and  tissues  from,  and  in  which,  they 
spring,  can  in  some  way  and  by  some  causes  be  induced 
to  begin  a  process  of  malignant  new  growth,  in  which  the 
stroma  is  not  shown  to  be,  in  its  nature  and  kind,  in- 
capable of,  or  exempt  from,  participation,  any  more  than 
are  other  tissues  and  their  components. 
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On  the  whole,  it  may,  I  think,  be  said,  that  an  extrinsic 
irritant  influence,  parasitic  or  not,  but  probably  specific 
for  each  variety  of  a  primary  malignant  neoplasm,  is 
suggested  as  probable.  This  statement,  however,  is  by 
the  way  only,  and  I  rest  my  argument  also  as  much  upon 
the  harmony  or  conformity  which  such  a  suggestion 
afibrds  to  the  general  conclusion  reached  by  Bashford  and 
iVlurray,  and  quoted  above,  from  p.  16,  as  upon  the  want 
of  harmony  therewith  shown  in  the  growth  of  true 
parasites. 

Moreover,  I  do  not  grant  that  all  metastatic  foci,  even 
in  carcinoma,  are  set  up  in  the  same  way  ;  nor  that  in  all 
cases  the  transposed  fragment  is  a  separate  mass  or  a 
group  of  cells,  nor  even  always  a  whole  cell  in  all  cases  ; 
and  this  contention  is,  I  think,  highly  probable,  when  we 
remember  the  diverse  modes  by  which  it  can  be  shown 
that  the  infective  parts  or  particles  of  a  malignant  tumour 
are  transferred  and  distributed  in  or  by  lymph  or  blood 
channels,  the  limitations  of  our  knowledge  as  to  their 
earlier  phases,  and  the  greater  attention  which  has  been 
given  to  the  larger  or  blood-vessel  carried  fragments  or 
grafts.  So  that  it  is  at  least  conceivable,  I  would  even 
say  probable,  that  a  metastatic  focus  springing  from  a 
transposed  mass  of  tumour  tissue,  may  grow  and  develop 
in  the  new  site,  somewhat  differently  from  that  of  a  focus 
developing  at  a  distance,  and  in  a  different  surrounding 
tissue,  from  a  viable,  perhaps  minute  fragment  of  a  cell, 
containing  possibly  a  parasitic  germ  or  spore,  or  perhaps 
some  other  irritant  influence.  Note  in  this  connection 
that  some  malignant  neoplasms  metastase  by  the  help  of 
the  blood-stream  apparently  as  do  some  sarcomata,  with  a 
remarkable  tendency  to  a  bilateral  symmetry. 

Such  apparent  similarity  of  the  histology  of  the  meta- 
stases of  malignant  neoplasms  with  that  of  the  primary 
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growth  as  is  granted,  does  not  necessarily  exclude, 
therefore,  the  possibility  of  metastatic  distribution  of  the 
same  neoplasms  by  and  through  the  influence  of  included 
parasitic  or  other  irritants,  which  might  indeed  very  well 
explain  the  phenomena.  For  many  true,  even  typical 
inflammations,  also  metastase,  and  in  general  character,  at 
least,  the  metastases  resemble  the  primaries  in  histological 
structure. 

I  will  mention  here,  although  I  must  not  dwell  at  length 
on  the  fact,  well  and  long  known,  that  the  malignant 
neoplasms,  both  primaries  and  secondaries,  infiltrate  at 
their  peripheries,  in  this  respect  resembling  many  inflam- 
mations of  the  most  malignant  types  ;  and  I  contrast  this 
with  another  significant  fact,  that  benign  new  growths,  and 
also  the  larger  or  massive  parasites,  have  a  well-defined, 
and  not  an  infiltrating  boundary,  while  the  microbic 
parasitic  inflammations  for  the  most  part  in  this  particular 
resemble  the  malignant  new  growths. 

§  30^.  In  considering  the  value  of  the  evidence  for  and 
against  the  doctrine  that  malignant  new  growths  grow  in 
new  sites  only  as  parasites  do,  and  only  out  of  their  own 
materials,  I  think  the  advocates  of  this  view  have  not 
fully  taken  both  aspects  of  the  case  into  account  ;  have, 
in  short,  concluded  too  readily  after  considering  only  the 
apparent  tendency  of  some  of  the  factors  involved,  and 
have  neglected  duly  to  weigh  all  the  difficulties  ;  so 
that  in  this  way  their  conclusions  have  been,  I  think, 
inaccurate.  Although  I  am  obliged  to  grant  that  the 
consensus  of  opinion  on  the  point  is  so  strongly  adverse 
to  me  as  to  be  almost  overwhelming  ;  yet,  consensus  of 
opinion  is  not  a  proof,  and  it  has  in  the  past  sometimes 
been  wrong  ;  although  I  feel  that  to  resist  it  is  a  mark  of 
presumption. 

It  is   instructive  also  to  note,  that  at  this    late    stage 
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no  other  or  better  diagnostic  criterion  for  malignant 
neoplasms  is  given,  than  the  histological  one  ;  and  this 
is  not  as  yet  well  defined  ;  it  seems  not  to  be  contained 
in  the  mitotic  changes  here  dealt  with,  which  are  explicitly 
said  to  be  no  measure  of  the  malignancy  ;  and  although 
in  a  sense  Farmer,  Moore,  and  Walker  are  disposed  to 
think  the  heterotype  mitosis  is  a  true  characteristic  of 
malignant  neoplasms,  yet  it  seems  certain  that  it  is  not 
constant  in  them,  is  not  met  with  in  all  parts  of  them, 
may  be  absent  even  in  rapidly  growing  parts,  and  so,  if 
it  be  a  characteristic  when  present,  it  is  not  a  measure, 
and  is  of  uncertain  value  as  a  diagnostic.  I  do  not  feel 
sure,  but  I  think  Bashford  and  Murray  do  consider  it 
when  present  a  diagnostic  character,  although  not  a  certain, 
a  satisfactory,  or  a  complete  one,  which  indeed  it  cannot 
be  unless  constant. 

In  this  connection  it  must,  however,  be  remembered 
that  the  mitoses  in  malignant  neoplasms  are  irregular 
and  very  much  disordered  ;  and  that  the  heterotype 
forms  occur,  and  are  admixed  with  amitosis,  homotype, 
hypochromatic,  and  hyperchromatic  mitoses  ;  with  nuclei, 
in  which  the  chromosomes  are  half  the  somatic  numbers, 
some  in  which  they  are  less,  and  others  more  than  half  ; 
and  it  seems  certain  that  they  occur  also  in  intermediate 
numbers  ;  so  that  when  the  exact  half  number  occurs,  it 
is  not  shown  that  it  does  so  as  an  essential  or  certainly 
a  constant  phenomenon  ;  and  it  may  therefore  possibly 
be  a  casualty,  amid  such  a  variety  of  irregular  changes. 
This  view,  however,  is  not  entertained  by  either  group  of 
authors,  and  I  do  not  press  it,  other  than  as  a  possibility 
to  be  remembered. 

In  conformity  with  their  general  views,  and  I  may 
perhaps  say  prepossessions,  Bashford  and  Murray  carried 
on  their  investigations  into  the  changes  in  the  cells  with 
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great  care  and  exactitude,  and  found,  as  they  thought,  not 
indeed  evidence  of,  but  presumptions  in  favour  of  the 
idea,  that  the  nuclei  of  the  cancer  cells  sometimes  conjugate, 
although  they  do  not  say  that  this  is  a  frequent,  and  still 
less  that  it  is  a  constant,  phenomenon.  They  say  at 
p.  3 1  that  "  the  two  nuclei  become  continuous  through  the 
cell  wall,"  and  "  the  process  is  identical  with  the  process 
of  conjugation  in  many  protozoa  and  lower  plants,  and 
probably  has  the  same  significance — namely,  that  of  starting 
a  new  cycle."  They  also  add  (p.  34)  :  "  It  is  to  be  hoped 
that  similar  observations  in  other  tumours  will  soon 
permit  of  a  final  decision  as  to  the  occurrence  and  signifi- 
cance of  this  phenomenon."  So  that  they  thus  clearly  admit 
that  it  is  not  as  yet  widely  or  generally  established  ;  but 
they  seem  to  show  a  bias.  They  conclude  that,  were 
it  established,  important  consequences  would  follow  ; 
and  this  is  true  enough,  but  until  it  is  established  such 
consequences  do  not  come  in.  And  they  say  (p.  34)  : 
"Conjugation  or  fertilisation  in  all  living  forms  is  the 
starting-point  of  a  new  generation  in  protozoa  and  metazoa, 
in  animals  and  plants.  It  is  always  followed  in  normal 
cases  by  renewed  and  independent  growth,  and  is  thus 
capable,  without  postulating  anything,  of  explaining  the 
independent  growth  of  malignant  new  growths,  and  their 
metastases."  Of  course  this  presupposes  the  constancy 
of  the  conjugation,  which  is  not  established,  or  even  yet 
asserted  ;  and  it  is  without  justification  to  have  said, 
as  in  the  statement  above  made,  that  nothing  is  postu- 
lated, or  at  least  assumed  ;  for  the  causes  of  the  asserted 
conjugation  and  of  its  beginning,  though  necessary  for 
any  clear  thought  on  the  matter,  are  left  without 
explanation  or  comment,  and  yet  are  they  tacitly  postu- 
lated, in  the  malignant  new  growths,  which  show  such 
conjugation. 
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Although  such  postulate  is  not  needed  in  normal 
conjugations  or  fertilisations,  it  is,  I  maintain,  quite 
essential  in  these  abnormal  conjugation  phenomena  ;  for 
the  causes  in  these  cases  are  not  directly  traceable  in  the 
evolution  of  the  species. 

It  is  not  without  an  important  relation  to  this  problem 
to  recall  the  fact,  that  normally  in  nature,  among  animals 
and  plants,  particularly  I  think  among  parasites,  new  life- 
cycles  do  sometimes  begin  without  any  known,  near,  or 
immediately  preceding  conjugation,  or  fertilisation  ;  that 
for  many  successive  generations,  organisms,  especially  in 
their  early  stages  and  in  the  lower  forms,  are  multiplied 
by  fission,  and  budding,  and  parthenogenetically,  and 
even  heterogenetically,  without  any  known  immediately 
preceding  sexual  preliminaries  or  any  at  present  to  me 
known  heterotypical  mitoses  or  conjugations. 

This  fact  is  itself,  I  think,  outside  question,  and  it 
applies  strongly  to  the  whole  series  of  responses  to  parasitic 
*' injurious  irritation,"  and  to  the  beginning  of  some  new 
growths,  at  least  in  plants.  However,  Bashford  and 
Murray  say  (p.  34)  :  "  Whether  a  conjugation  of  cells  or  of 
nuclei  of  normal  tissues  is  the  initial  phenomenon  in  the 
cancer  cycle  must  be  settled  by  further  investigations  ; 
but  it  is  certain  that  such  a  conjugation  would  explain, 
without  further  assumption,  the  characteristics  of  malig- 
nant tumours,  their  local  but  occasionally  polycentric 
origin,  their  independence  and  behaviour  as  a  new 
organism,  their  power  of  invasion,  their  differentiation  in 
the  direction  of  the  mother  tissue,  the  phenomenon  of 
artificial  transmission  with  all  its  limitations,  and  the  super- 
addition  of  malignant  properties  to  the  tissues  of  those 
complicated  tumours  which  are  undoubtedly  of  congenital 
origin."  And  this  doctrine  all  rests  upon  the  postulate  or 
assumption  of  conjugation  as  a  constant,  and  so  as  a  cause 
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of  malignancy,  which  assumption  is  not  at  least  proven,  or 
as  I  think  justified. 

Occasional  conjugation  of  the  nuclei  of  the  cells  of 
cancers  cannot  therefore  be  used  as  a  reliable  histological 
diagnostic  criterion  of  malignant  neoplasms  ;  and  we  are 
still  without  one  upon  which  confident  conclusions  can  be 
based,  for  nothing  constant  is  known. 

To  this,  their  final  conclusion,  they  add  in  a  footnote 
the  remark,  that  "  these  characters  mark  the  malignant 
new  growths  as  new  organisms,  morphologically  and 
physiologically  equivalent  to  the  parent  one  which  they 
are  invading."  By  way  of  comment  I  repeat  that  the 
conjugation  is  not  proven,  except  perhaps  as  an  occasional,, 
not  a  constant  factor,  in  a  very  irregular  and  abnormal 
series  of  changes,  in  the  histology  and  mitoses  of  the 
growth  ;  that,  if  it  does  occur  and  is  a  constant,  it  must 
have  a  cause  ;  that  such  cause  is  not  given,  and  cannot 
be  duly  conceived  of  apart  from  the  environment  in 
which  the  organism  exists,  and  by  which  it  is  always  and 
necessarily  in  some  ways  influenced  and  conditioned. 

Even  if  it  be  true,  which  is  not  proven,  although  it  is 
here  confidently  declared  to  be  certain  that  the  character- 
istics of  the  new  growths  would  be  adequately  explained 
by  the  conjugation,  if  it  existed  with  the  potentialities 
assumed,  it  is  not  a  complete  or  satisfactory  explanation, 
unless  it  relates  such  heterotypic  mitoses,  and  conjugations, 
to  their  causes,  of  whatever  kind  they  may  be  or  from 
whatever  source  they  may  come  ;  and  it  is  not  proven  or 
adequately  here  attempted  to  be  shown  that  such  causes 
cannot  be  some  extrinsic  influences  in  the  environment, 
parasitic  or  not  ;  nor  is  any  adequate  explanation  given  or 
attempted,  of  the  very  real  and  close  analogies  shown  by 
and  in  malignant  new  growths,  and  some  of  the  well- 
known  inflammatory  responses  to  "injurious  irritations," 
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both  those  of  which  as  yet  we  know  not  the  irritants, 
even  in  the  higher  animals,  as  well  as  in  some,  especially 
in  plants,  of  which  the  irritants  are  known. 

Bashford  and  Murray  are  clear,  or  at  least  positive,  in 
the  view  (p.  13)  that  "the  process  is  in  no  sense  an 
infection,  the  tissues  of  the  new  host  not  participating  in 
the  formation  of  the  new  parenchyma."  The  word 
infection  is  here  used  by  them  in  a  technical,  restricted, 
and  even  perhaps  unusual  sense  ;  and  the  non-participa- 
tion of  the  cells  of  the  new  host  or  tissue  in  the  cell- 
proliferation  is  positively  affirmed  without,  as  I  think, 
any  sufficient  justification,  or  at  least  not  such  as  can 
establish  a  negative.  The  use  of  the  word  infection  here 
adopted  by  them  is,  I  grant,  rather  widely  held,  but  is  not 
always  accepted,  and  it  is  certain  that  authors,  even  those 
who  use  the  word  so,  find  themselves  driven  to  employ 
it  in  dealing  with  the  spread  of  malignant  neoplasms,  at 
least  as  a  local  process,  which  is  not  and  cannot  be 
pathologically  limited. 

§  30/!  Bashford  and  Murray  say  (p.  1 6)  that "  in  the  first 
annual  report  it  was  pointed  out  that  the  investigation  of 
the  problem  of  the  genesis  of  malignant  new  growths  was 
regarded  as  distinct  from  the  question  of  the  conditions 
of  growth."  No  doubt,  the  two  questions  may  be  studied 
separately,  however  connected  they  in  fact  are  ;  but  this 
does  not  justify  their  complete  separation,  nor  does  it 
show  a  real  independence  ;  nor  can  one  so  support  the 
conclusion  drawn,  that  the  genesis  of  the  primary  neoplasm 
may  be  left  out  of  the  investigation,  or  that  it  is  not 
related  to  the  "conditions  of  growth,"  i.e.  of  the  spread 
of  the  tumour,  as  Bashford  and  Murray  have  in  this  con- 
clusion asserted. 

However,  they  say  (p.  16):  "  On  this  basis  a  com- 
parative study  has  been   undertaken  of  the  mitoses  in  the 
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cells  of  malignant  and  benign  new  growths  and  in  the 
processes  of  repair  and  inflammation."  I  dispute  this 
"  basis  of  a  comparison,"  and  I  deny  that  the  genesis  of 
malignant  new  growths  is  here  shown  to  be  distinct  from, 
and  not  closely,  even  necessarily,  connected  with  their 
conditions  of  growth,  and  modes  of  spread  ;  and  I  dare 
to  add  that  a  genesis  such  as  is  here  assumed  to  occur 
without  cause  given,  is  unknown,  in  fact,  to  any  exact 
observations  in  nature,  and  is  to  me  quite  unthinkable. 
It  rests  upon  no  known  or  strictly  analogical  phenomena 
in  nature,  and  yet  it  is  assumed,  and  then  expanded,  so  as 
to  profess  to  give  an  explanation  of  the  actually  observed 
phenomena,  of  their  extensions  within,  and  outside  of,  the 
organism  involved  ;  and  it  does  so  arbitrarily,  without 
proofs,  and  is  therefore  no  real  explanation. 

I  demur  to  the  assumed  basis  of  comparison  also  in 
large  part,  because  in  it,  at  the  outset  of  an  etiological 
research,  one  important  group  of  facts,  the  extrinsic  ones, 
are  excluded  from  the  comparison  ;  and  as  the  intrinsic 
ones  are  the  sole  alternatives,  no  true  comparison  remains 
possible,  for  one  of  its  two  terms  is  arbitrarily  excluded 
in  advance,  and  the  excluded  factors  have  been  and  still 
are  believed  to  be  essential  by  an  important  school  of 
pathologists. 

The  further  and  equally  unproven  hypothesis,  of  the 
production  of  a  "  new  organism "  by  a  process  almost 
equivalent  to  an  abiogenesis,  or  at  any  rate  to  one  of  a 
spontaneous  heteromorphosis,  founded  upon  an  assump- 
tion of  an  uncaused  genesis,  also  affords  us  no  intelligible 
explanation  of  known  facts.  The  suggested  production, 
somehow,  of  a  "  new  organism "  within  a  previously 
existing  one,  yet  certainly,  as  it  is  granted  by  Bashford  and 
Murray,  in  its  genesis  arising  out  of,  and  due  to  some 
modifications  of  its  cells  and  tissues,  without  the    inter- 
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vention  of  any  extrinsic  influences  derived  from  the 
environment,  is  a  unique  instance  ;  it  is  not  supported  by 
any  known  or  truly  analogical  facts,  and  so  it  cannot 
be  accepted  as  having  any  greater  weight  than  a  specula- 
tion, not  well  founded  on  facts.  Obviously  also  this 
hypothetical  new  organism  can  even  less  than  the  mitotic 
and  allied  changes  in  the  cells  serve  as  a  histological 
diagnostic  criterion  of  malignant  new  growths. 

The  spread  of  the  malignant  neoplasm  within  the  aflfected 
organism,  or  beyond  it,  without  any  connection  with,  or 
persistence  of  and  spread  of,  any  causal  agency,  like  that 
which  the  law  of  natural  causation  demands  for  its 
genesis,  but  which  Bashford  and  Murray  elude  or  evade, 
is  to  me  unthinkable.  But  I  grant  that  it  is  not  therefore 
shown  to  be  impossible.  Yet,  they  assert  that  in  the 
peripheral  infiltrating  parts  of  the  malignant  new  growths, 
the  new  cells  (p.  18)  "conform  closely  to  the  characters  of 
the  similar  surrounding  tissues,"  and,  I  dare  here  venture 
to  add,  are  probably  in  some  ways  derived  from  them  by 
cell-proliferation  with  modifications,  even  if  and  when  the 
modes  of  such  derivation  have  not  been  demonstrated. 

This  admission  notwithstanding,  they  contend  that  the 
growth  and  spread  of  the  suggested,  indeed,  almost 
assumed,  "  new  organism,"  takes  place  as  does  that  of  a 
truly  independent  parasitic  organism,  out  of  its  own  tissues 
and  tissue  elements  only  ;  granting,  I  cannot  doubt,  some 
dependence  at  least  upon  the  liquid  or  dissolved  growth- 
materials  of  the  host  organism. 

This  contention  is,  in  fact,  now  in  some  form  very 
widely  supported  by  those  pathologists  who  hold  that 
all  malignant  new  growths  increase  and  spread  locally 
and  generally  by  cell-proliferations  of  their  own  elements 
only,  and  not  by  determining  any  such  proliferative  phe- 
nomena in  the  tissue  elements  of  the  affected  organism. 
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This  doctrine,  I  think,  is  not  at  all  so  firmly  established 
on  facts  as  it  is  confidently  asserted  ;  and  it  is  even  in 
conflict  somewhat  with  the  quotation  from  Bashford  and 
Murray  given  above  (p.  18),  and  also  with  some  of  the 
teachings  of  many  pathological  authorities,  especially  the 
older  ones,  and  a  few  of  the  more  recent  ones. 

There  remain  still  some  pathologists  who  maintain  the 
view,  that,  whether  or  no  parasitic  irritation  is  a  constant 
in  the  genesis  of  all  malignant  neoplasms,  yet  is  some 
chronic  irritation  so,  at  least  in  some  groups  thereof; 
and  thus  they  imply  in  such  cases  some  cell-proliferative 
responses  which  must  be  closely  related  to  inflammation, 
as  it  is  here  understood.  And  this  view  holds  even  in 
the  face  of  Lubarsch's  conclusions,  which  are  on  the 
whole  strongly  adverse  to  the  parasitic  theories,  although 
his  position  is  qualified  somewhat.  See  his  Pathologische 
Anatomie  und  Krebsforschungen  (1902). 

Some  pathologists  also  there  are  who  maintain  that 
parasitic  organisms  can  and  do  irritate  and  determine 
the  genesis  of  at  least  some  malignant  new  growths, 
co-operate  in,  and  are  effective  in  their  growth  and 
extensions,  and  whose  views  have  not  as  yet  been  refuted, 
even  if  they  are  not  yet  demonstrated  or  generally 
accepted. 

I  do  not  intend  here  to  re-enter  upon  this  very 
important  discussion  ;  but  I  may  repeat  the  view  that 
the  complete  exclusion  of  the  stroma  from  any  important 
significance  in,  or  as  a  part  of,  carcinomata  ;  and  its 
frequent  and  confident  explanation  as  only  an  inflam- 
matory response  to  the  irritant  actions  of  the  epithelial 
growths  ;  asserted  to  be  the  sole  essentials,  is  very  much 
open  to  criticism,  and  I  cannot  accept  it  ;  but  hold  that 
the  epithelial  elements  and  the  stroma,  or  its  equivalent, 
are  as  necessarily  and  mutually  related  each  to  the  other 
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as  are  the  dermis  and  the  epidermis  in  normal  tissues, 
and  as  are  many  other  tissues  and  tissue  elements  in  a 
complex  organism  constructed  of  mutually  interdependent 
parts. 

§  20g.  Still  less  is  the  general  doctrine  tenable,  that  all 
the  varied  malignant  new  growths  can  be  adequately- 
explained  by  the  studies  as  they  have  here  been  carried  on 
in  carcinomata,  which  by  no  means  all  apply  adequately  to 
sarcomata,  endotheliomata,  and  to  many  other  varieties  of 
malignant  neoplasms  ;  yet  is  this  general  doctrine  implied 
in  this  report. 

Indeed,  a  disposition  is  shown  by  Bashford  and  Murray 
to  attempt  an  explanation  of  all  malignant  new  growths 
mainly  from  results  which  have  been  reached  by  a  study 
of  some  of  them  only — often  of  those  which  are  most 
convenient  for  observation,  though  not  necessarily  always 
the  most  instructive  ;  just  as  so  many  pathologists  have 
attempted  to  explain  inflammation  by  the  results  of  its 
study  in  man  ;  and  the  outcome  of  such  a  restricted 
method  of  investigation  of  cancers,  although  it  is  often 
called  comparative,  so  far,  I  think,  has  been  as  futile. 

The  outcome  of  this  criticism  of  the  first  "  Scientific 
Report  on  the  Investigation  of  the  Cancer  Research 
Fund  ■'  is  that  :  (a)  it  evades  or  ignores  one  primary,  and 
as  I  think  essential,  question  of  the  genesis  of  the  morbid 
change  in  the  primary  growth,  and  excludes  thus  all 
extrinsic  factors  from  the  etiology  ;  (^)  that  it  invents  or 
assumes  the  production  of  a  "  new  organism,"  which  is 
neither  proven  nor  tenable  ;  (^)  that  it  in  effect  denies  the 
persisting  influence  of  the  primary  cause  of  such  genetic 
change  in  the  primary  growth,  in  the  spread  and  metastatic 
extension  of  the  new  growth,  at  least  as  an  extrinsic 
influence,  by  assuming  its  absence,  or  by  ignoring  it ; 
(d)  that  it  asserts  without  adequate  proof,  and  in  opposition 
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to  much  valuable  teaching  and  some  facts,  the  non- 
existence of  any  proliferative  or  other  responses  by  or  in 
the  affected  organism,  in  the  extensions  or  spread  of  the 
new  growths,  due  to  any  "injurious  irritation"  of 
extrinsic  origin,  derived  in  any  way  from  the  environment  ; 
(<?)  that  it  bases  the  investigation  upon  arbitrary  exclusions 
or  assumptions,  which  are  neither  proven  nor  justified  ; 
and  thus,  although  in  a  sense  an  etiological  research,  it  is 
not  so  pursued  as  to  promise  us  much  that  is  both  new 
and  true. 

Let  me  add  here  that  the  report  by  the  Cancer  Research 
Fund  Committee  is  in  a  sense  official,  its  teachings  are 
thus  liable  to  be  assumed  as  orthodox,  and  that  therefore 
their  validity  is  of  greater  importance  to  establish  or 
refute.  Here  I  am  obliged  to  take  the  latter  position, 
and  this  may  perhaps  excuse  the  length  of  this  examination, 
in  which  I  seek  to  show  that  an  etiological  research  is 
carried  on  so  as  to  exclude  ah  initio  some  essential  factors. 

§31.  I  feel,  therefore,  justified  in  still  maintaining  that  at 
least  malignant  new  growths  are  more  intelligibly  explained 
as  inflammations — that  is  to  say,  as  responses  to  some 
"  injurious  irritations,"  and  most  probably  to  parasitic  ones. 

In  this  way  can  be  explained,  I  think,  better  than  by 
the  hypotheses  advocated  by  Bashford  and  Murray,  the 
phenomena  seen  in  malignant  neoplasms  ;  to  wit — (i) 
their  genesis  in  the  primaries,  as  due  to  extrinsically 
derived  irritant  agents  of  some  and  various  kinds,  not  as 
yet  satisfactorily  or  completely  demonstrated  :  (2)  their 
spread,  extensions,  and  dispersals,  as  seen  in  nature,  by 
the  persisting  or  multiplying  specific  agents  of  extrinsic 
irritation,  continued  from  and  allied  to  the  initial,  genetic, 
and  causal  ones  :  (3)  the  fundamental  dependence  of  such 
inflammatory  responses,  as  of  others,  upon  the  evolved 
reparative  faculties  of  the  affected  organism,  which  present 
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to  us  the  intrinsic  factors  in  the  etiology  of  these  neoplasms 
as  of  other  inflammations,  and  explain  such  close  con- 
formity as  is  found  in  malignant  new  growths,  with 
the  normal  tissues  near,  and  out  of  which  they  grow  :  (4) 
the  regressive  or  degenerative,  and  with  these  also  the 
progressive  and  proliferative  phenomena  concurrent  and 
commingled  ;  which  they  like  other  inflammations  present, 
as  consequences  of  the  misdirections  by  the  extrinsic 
irritant  persisting  in  action  ;  and  so  I  would  bring  them 
into  a  single  series,  within  which  are  found,  in  many 
gradations,  close  analogies  ;  and  I  do  not  place  them  as 
unique  or  disconnected  events  or  phenomena  in  nature, 
and  assumptions  are  not  thus  demanded  without  at  least 
some,  I  think,  adequate  justifications  :  (5)  that  they  do 
not  show  us  any  distinct  relations  of  fitness  with  any  known 
irritant  cause,  is  granted,  as  may  also  be  said  of  many 
other,  and  generally  accepted,  inflammations  in  which  the 
irritant  is  not  as  yet  satisfactorily  isolated  and  studied  ; 
even  in  some  cases  of  bacterially  induced  responses  ;  and 
more  so  in  those  where  the  irritant  and  the  irritation  are 
only  inferred  from  the  characters  of  the  responses,  as  in 
variola  or  syphilis  :  (6)  in  this  way  of  dealing  with  malig- 
nant neoplasms  as  forms  of  inflammation,  the  definition  of 
which  is  herein  implied,  but  will  be  given,  there  is  no 
imperative  need  for  a  separate  definition  of  malignant 
neoplasms,  or,  here  at  least,  for  the  so-called  benign 
tumours — a  difficulty  which  has  led  Lubarsch  and 
others  into  some  confusion,  as  he  shows  when  he  says  no 
true  tumours  have  yet  been  proven  to  be  due  to  para- 
sitic irritations,  a  statement  confuted  by  and  in  the  growth 
of  many  plants  galls  ;  and  also  by  the  cases  which  he 
himself  conditionally  accepts  for  some  excitants  of  cancer, 
when  co-operating  with  chronic  irritation  or  embryonal 
remnants. 
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§  32.  A  very  few  words  must  suffice  in  regard  to  what 
are  called  non-malignant  or  benignant  new  growths,  in 
regard  to  inflammation,  or  the  responses  to  "injurious 
irritation." 

Excluding  here  all  those  neoplasms  which  have,  even  if 
only  in  a  slight  degree,  any  malignancy,  and  also  now  those 
which  at  some  later  stages,  perhaps  by  some  admixture 
or  complexity  of  the  etiological  factors,  may  become  so, 
I  would  consider  all  as  benignant  which  are  products 
of  responses  made  by  the  evolved  intrinsic  reparative 
faculties  to  some  past  injury,  or  abnormality  of  repair  ; 
the  origin  of  which  is  commonly  not  known.  Often  it 
may  have  taken  place  in  an  early  phase  of  the  life-history 
of  the  responding  organism  ;  and  it  must  soon  have  ceased 
to  persist  in  its  actions,  whether  these  were  at  first  truly 
irritating  or  not.  Thus  a  lipoma  or  a  fibroma  would  be 
thought  of  here  as  a  sort  of  deformity,  or  a  product  of 
a  reparative  effort,  in  which  a  bad  compromise  had  been 
brought  about,  after  the  initial  agent  of  injury  had  ceased 
to  be  directly  operative.  Each  is  related  therefore  to  an 
imperfect  recovery,  and  also  to  a  malformation  ;  and 
they  as  a  group  will  be  referred  to  again  in  connection 
with  the  teratological  phenomena. 

This  conception  of  most  benign  tumours,  although  the 
adjective  word  so  much  and  commonly  used  is  linguistically 
useful  and  even  needful,  does  not  demand  that  we  think 
of  all  tumours  as  benign  and  malignant,  or  as  members  of 
one  common  category  ;  and  it  makes  Lubarsch's  expres- 
sion, "  echter  neoplasm,"  needless,  as  not  indicating  any 
really  existing  natural  group  of  phenomena,  which  includes 
a-U  malignant  and  all  benignant  tumours.  It  conceives  of 
malignant  new  growths  as  inflammatory  responses  to 
extrinsic  specific  "  injurious  irritations  "  ;  and  most  benign 
new    growths    as    persisting    effects    of    or    responses    to 
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injuries  of  many,  and  as  yet  unknown,  kinds  ;  in  all  of 
which  the  agents  of  injury  have  ceased  to  operate  directly, 
yet  leave  some  of  their  effects  persisting,  as  we  see  in 
scars,  after  some  recoveries,  deformities,  and  in  some 
malformations. 

It  severs  the  malignant  from  the  benignant  neoplasms 
in  their  etiology,  as  in  their  processes,  in  their  fates,  and 
in  their  classification. 

Thus  the  inflammation  idea,  taken  in  connection  with 
the  recovery  processes,  can  without  material  qualification 
include  all  new  growths,  malignant  and  benignant. 
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SECTION  IV 

THE  INFLAMMATION  IDEA,  IN  ALL  ORGANISMS,  IN  GENERAL 
PATHOLOGY,  STUDIED  SO  AS  TO  SHOW  THE  MUTUAL 
RELATIONS  OF  THE  FACTORS  INVOLVED,  IN  THE  THREE 
GROUPS     OF     ACCEPTED      FACTS,     THAT     IS,     IN     REPAIR, 

INFLAMMATION,  AND   RECOVERY 

^23'  ^^  Inflammation^  or  something  equivalent  thereto,  for 
which  as  yet  no  other  convenient  name  is  available,  must 
therefore  be  accepted  as  presented  to  us  in  all  animals, 
and  as  the  nine  heads  under  which  the  problems  can 
adequately  be  dealt  with,  have  been  found  and  studied 
both  in  animals  and  in  plants,  the  question  must  be  more 
closely  followed  out,  whether  Inflammation  or  its  equivalent 
is  really  met  with  in  all  organisms. 

My  answer  to  it  must  be  unreservedly  affirmative  ;  but 
this  view  is  not  the  prevalent  one,  which  is  the  conception 
of  Inflammation  as  present  in  some  form  only,  in  some 
animals,  and  not  in  plants.  In  justification  of  my 
position,  let  it  be  remembered  that  in  the  examination 
already  made  of  the  nine  heads,  which  collectively  include 
the  essentials  of  Inflammation  and  their  equivalents  in 
both  plants  and  animals,  it  is  shown  that  all  organisms 
are  liable  to  injuries  and  repair  them,  are  liable  to  irritant 
actions  and  respond  thereto  by  an  inefficient  and  damag- 
ing effort,  the  manifestations  of  which  present  important 
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characters  in  common  in  both  kingdoms  of  nature, 
especially  in  regard  to  the  etiological  relations  of  such 
manifestations  with  the  irritant  ;  so  that  it  is  justifiable 
to  think  of  the  efficient  responses  to  injury  which  we 
know  of  as  repair,  both  in  plants  and  in  animals,  and 
of  the  inefficient  and  damaging  responses  to  irritant 
actions,  which  we  also  know  of  both  in  plants  and 
animals,  together,  as  parts  of  one  and  the  same  greater 
group  of  very  closely  allied  phenomena. 

This  inefficient  response  to  irritant  actions,  or  Inflam- 
mation^ is  terminable,  and  it  often  ends  in  recovery  both 
in  animals  and  in  plants.  As  by  common  consent,  the 
efficient  responses  to  injury  spoken  of  as  Repair^  are  held 
to  be  the  same  in  essentials  in  plants  as  in  animals  ;  and 
as  there  are,  I  venture  to  say,  equally  cogent  reasons  for 
speaking  and  thinking  of  the  inefficient  or  damaging 
responses  to  irritation  as  also  in  essentials  the  same  in  the 
two  kingdoms  of  nature,  and  as  recovery  is  met  with  as 
widely,  the  position  is,  I  hold,  tenable,  that  both  orders  of 
response  occur  in  both  kingdoms  of  nature,  that  is,  in  all 
organisms. 

In  this  way.  Inflammation  or  its  equivalent  is  rightly 
thought  of  as  present  in  all  organisms,  and  in  general 
pathology  ;  and  this  is,  I  hold,  the  only  true  view  of  the 
process.  It  follows  that,  if  all  the  inefficient  or  damag- 
ing responses  to  "injurious  irritation"  in  animals  be 
accepted  either  as  Inflammation  or  its  equivalent,  the  same 
should  be  accepted  in  plants,  unless  good  and  sufficient 
reason  can  be  adduced  to  the  contrary.  No  such  sufficient 
reason  has  yet  been  affi^rded  for  the  more  or  less  assumed 
break  in  this  respect  between  animals  and  plants. 

§  34.  MetchnikofF,  however,  makes  this  break  absolute, 
and  he  does  not  grant  in  plants,  as  he  has  done  for  the 
lowest  animals,  and  even  for  the  myxomycetes,  the  occur- 
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rence  in  them  of  some  as  yet  undeveloped  approach  to 
an  equivalent  of  Inflammation.  He  says  {The  Comparative 
Pathology  of  Inflammation.,  p.  41,  1893):  "We  do  not 
however  find  processes  analogous  to  the  essential  pheno- 
mena of  inflammation  in  the  vegetable  world "  ;  yet  he 
recognises  that  plants  not  only  repair  massive  injuries  by 
cell-proliferations,  but  respond  in  a  closely  allied  mode 
to  irritant  actions,  saying  (p.  41,  /.^.)  :  "As  in  the  healing 
of  wounds,  infections  in  plants  are  accompanied  with 
regenerative  phenomena  dependent  on  the  rapid  prolifera- 
tion of  the  cells  that  are  not  directly  aff^ected."  So  that 
he  accepts  normal  repair  in  plants  as  in  animals,  and  cell- 
proliferation  as  its  manifestation  in  both  ;  but  he  rejects 
absolutely  the  view  that,  when  a  somewhat  similar  cell- 
regenerative  proliferation  occurs  in  or  near  an  infected  focus 
of  a  plant,  i.e.  in  or  near  an  irritated  tissue  of  one,  it  is  even 
"  analogous  to  the  essential  phenomena  of  inflammation." 

It  seems  clear,  that  in  this  way  he  refuses  to  consider 
the  cell-proliferation  in  a  plant  part,  where  it  is  infected, 
as  in  any  way  the  equivalent  of  inflammation  in  animals  ; 
yet  for  him  also,  an  infected  part  of  a  plant  is  an  irritated 
part ;  and  that  the  cells  proliferated  in  or  near  that  part 
are  modified  and  disordered  in  arrangement  is  beyond 
question  ;  but  this  observed  difference  between  the 
cell-proliferations  of  repair  in  plants,  and  those  which 
accompany  infective  irritation  in  them,  he  does  not 
attempt  to  explain  or  to  give  a  name  to,  and  he  contents 
himself  with  denying  that  it  is  in  any  way  analogous  to 
the  essentials  of  inflammation  as  seen  in  some  animals  ; 
or  therefore  that  it  represents  an  equivalent  in  plants 
of  inflammation  in  animals.  Thus,  the  locally  excessive, 
disorderly,  and  damaging  to  the  host,  cell-proliferations, 
seen  in  or  near  an  infected  or  irritated  part  of  a  plant, 
are  left  by  Metchnikoff  both  unnamed  and  unclassified  ; 
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and  they  are  not  for  him  inflammation,  nor  even  in 
any  way  analogous  to  it,  nor  are  they  any  equivalent  of 
it  ;  and  the  only  expression  he  here  uses,  by  which  his 
view  as  to  their  real  significance  can  be  gathered,  is  that 
in  which  he  speaks  of  them  as  "  regenerative  phenomena." 
He  uses  this  term  here,  I  think,  in  the  sense  of  progressive 
proliferations.  If  this  be  in  a  very  limited  sense  true,  it 
is  not  less  so,  that  in  no  case  is  the  product  efficient  as  a 
regenerative  one  ;  and  in  every  case  it  is  as  damaging 
to  the  host  organism,  as  are  other  responses  to  "injurious 
irritation  "  in  plants  or  in  animals. 

In  the  quotation  given  above,  he  is  certainly  wrong  in 
the  statement  which  implies  that  only  the  cells  of  plants 
which  are  not  directly  affected  by  the  irritant  proliferate. 

The  contrary  of  this  has  been  demonstrated  by 
Beyerinck  and  others,  who  have  studied  the  origin  and 
development  of  the  gall-plasm  from  cells  which  have  not 
been  subjected  to  massive  injuries,  but  have  been  to 
irritant  actions.  Metchnikoff  appears  to  me  on  this  point 
to  have  had  in  mind  only,  or  mainly,  those  cases  in  which 
massive  injuries  or  wounds  were  present,  as  well  as  irritant 
actions  ;  and  to  have  too  little  regarded  those  in  which  an 
irritant  acted  alone,  while  yet  it  has  determined  very 
marked  and  even  characteristic  gall-growths  ;  although 
such  cases  frequently  occur. 

His  disposition  to  trace  inflammatory  responses  in 
animals  to  massive  injuries  chiefly  is  also  often  shown, 
and  is  in  harmony  with  his  views  in  regard  to  plants. 

His  absolute  rejection  of  plants  from  among  the  living 
organisms  which  respond  to  irritant  actions  by  a  process 
analogous  to  or  equivalent  in  any  degree  to  Inflammation 
in  animals,  as  he  defines  it,  is,  however,  mainly  due  to  the 
fact  that,  by  his  definition  or  conception  of  Inflammation^ 
they  in  his  view  cannot  possibly  do  so. 
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His  theory  of  Inflammation  demands  phagocytosis  ;  and 
this  he  does  not  fully  grant  ever  does  occur  in  plants.  I 
rather  think  on  this  point  the  facts  are  against  him  ;  but 
I  am  not  sure,  and  will  not  here  pursue  this  question  ; 
as  it  may  be  granted  that  phagocytosis  is  certainly  much 
more  highly  developed  in  animals  than  in  plants,  even  if 
it  be  granted  as  occurring  in  some  of  the  embryonic 
stages,  and  in  some  of  the  lower  forms  of  the  latter,  as 
in  the  plasmodia  of  the  myxomycetes. 

It  must  suffice  for  me  here  to  say,  that  it  is  not  a 
legitimate  order  of  procedure  to  fix  the  theory  first,  and 
then  to  fit  the  facts  thereto,  as  MetchnikofF  has  done 
very  much  in  his  study  of  The  Comparative  Pathology  of 
Inflammation.  Had  he  indeed  said  at  the  beginning 
of  his  inquiry,  that  his  comparison  only  extended  to  some 
animals,  his  logical  position  would  have  been  much  more 
defensible  ;  but  this  he  did  not  say  ;  and  indeed  he  did 
take  plants  into  his  field  of  view  for  comparison,  with  the 
results  above  given  ;  and  these  involved  his  adoption  of 
a  theory  of  Inflammation^  which  in  his  view  fitted  the 
facts,  though  not  even  then  in  all  animals  ;  and  he  did 
not  consider  that  the  non-inclusion  of  some  animals,  and 
of  all  plants,  was  a  very  serious  or  even  a  fatal  objection 
to  his  theory,  in  its  relations  to  general  pathology. 

Whether  or  no  such  a  partially  applicable  theory  of 
Inflammation  be  tenable  within  its  own  restricted  territory, 
I  will  not  now  inquire  in  detail  ;  although  I  may  note 
that  it  is  widely  disputed,  and  also  that,  as  it  is  confessedly 
only  applicable  to  some  animal  organisms,  it  is  not  a 
satisfactory  theory  of  Inflammation  in  general  pathology, 
as.  I  understand  and  here  use  that  expression. 

Were  it  generally  established,  as  at  present  is  not  the 
case,  that  Inflammation  is  a  process  only  met  with  in  some 
organisms  or  tissues  ;  and  were  a  satisfactory  explanation 
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given  also  of  the  phenomena,  which  seem  to  point  to 
something  as  the  equivalent  of  it  in  the  remaining 
organisms,  which  also  has  at  present  not  been  given  ;  it 
might,  I  grant,  be  proper  enough  to  think  of  Inflammation 
or  its  equivalent  in,  or  as  a  part  of,  general  pathology,  even 
although  it  were  shown  not  to  be  present  in  all  organisms. 

I  confess  to  feeling  some  want  of  clearness  as  to  what 
Metchnikoff  really  teaches  in  regard  to  phagocytosis 
among  the  lowest  plants  ;  and  how  far  he  regards  these 
as  presenting  to  us,  in  a  very  low  grade,  an  undeveloped 
phase  of  some  equivalent  of  Inflammation  somewhat  com- 
parable with  that  which  he  suggests  as  existing  in  the 
lowest  animals  without  a  mesoderm.  On  this  point  he 
is  to  me  obscure,  but  his  expression,  in  the  quotation 
from  p.  41,  I.e.,  that  "in  the  vegetable  world"  we  do 
not  find  "  processes  analogous  to  the  essential  pheno- 
mena of  inflammation,"  seems  conclusively  to  show  that 
he  makes  an  absolute  break  between  some  animals  and 
all  plants  in  this  regard,  which  break  is  wider  and  deeper 
than  that  he  contends  for  between  higher  and  lower 
animals. 

I  now  venture  to  say  that  the  difficulties  raised  by 
Metchnikoff  to  the  idea  of  Inflammation  or  its  equivalent 
as  a  process  met  with  in  all  organisms  are  not  valid  ;  or 
are  not  such  as  should  prevent  our  accepting  it,  if  on 
other  and  valid  grounds  it  can  be  supported. 

Most  of  the  systematic  writers  on  animal  or  vegetable 
pathology  rather  ignore  the  question  I  have  just  been 
dealing  with  than  explicitly  deny  the  occurrence  of 
Inflammation^  or  an  equivalent  thereof,  in  both  kingdoms 
of  nature. 

Animal  pathologists  in  great  part  confine  themselves  to 
the  phenomena  of  Inflammation  of  which  the  type  is  given 
in  man,  and  use  the  lower    animals    only  for   particular 
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points  or  questions,  for  the  solution  of  which  they  seem 
to  be  convenient  ;  and  their  theories  and  definitions  are 
for  the  most  part  framed  so  as  to  include  only  animals, 
or  some  of  them  ;  yet  they  are  not  all  so  framed  as  by 
their  terms  even  implicitly  to  exclude  plants,  or  indeed 
any  living  organisms. 

^25.  Some  theories  of  Inflammation  are  so  comprehensive 
in  terms  as  to  leave  them  in  their  application  open  to  all 
organisms,  e.g.  Burdon-Sanderson's  "  the  succession  of 
changes  which  occurs  in  a  living  tissue  when  it  is  injured, 
provided  that  the  injury  is  not  of  such  a  degree  as  at  once 
to  destroy  its  structure  and  vitality"  {The  Process  of 
Inflammation.,  1871). 

Some  are  such  as  implicitly  must  by  their  terms  exclude 
all  plants  and  even  many  animals,  e.g.  Cohnheim's,  in 
which  he  asys  that  Inflammation  essentially  consists  in  a 
particular  change  in  the  walls  of  the  capillaries  and  small 
veins  ;  contending  also  that  the  process  of  Inflammation  is 
in  all  cases  a  disturbance  of  the  circulation,  and  is  the 
same  essentially,  let  the  causes  of  its  onset  be  what  they 
may  ;  so  that  he  regarded  the  etiology  as  a  valueless 
criterion  for  the  classification  of  Inflammations. "^ 

Phyto-pathologists,  also,  have  mainly,  almost  exclu- 
sively, concerned  themselves  with  plants,  and,  so  far  as  my 
reading  goes,  have  contributed  very  little  to  the  discussion 
now  before  us.  Rather  they  have  dealt  with  the 
phenomena  as  seen  in  plants  when  irritated,  as  if  there 
were  no  analogous  or  allied  or  equivalent  phenomena  met 
with  in  animals.  From  them,  therefore,  my  contention 
derives  no  aid  ;  but  it  meets  with  no  important  opposition. 

^  Cohnheim's  statement  (1882),  in  this  connection,  that  "it is  an  old  and 
a  trivial  experience  that  different  causes  can  have  similar  results,"  is 
misunderstood  or  wrongly  applied,  for  the  well-known  trigger  actions  do 
not  conflict  with  the  law  Causa  ^quat  Effectum. 
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The  general  trend  of  pathological  opinion  is  now, 
however,  so  strong  that  Inflammation  is  limited  to  animal 
organisms,  and  indeed  only  to  some  of  them,  that  this 
is  for  me  perhaps  the  most  important  objection  to  be 
met  in  an  endeavour  to  ascertain  the  liability  of  all 
organisms  to  that  succession  of  changes,  or  to  some 
equivalent  of  it. 

Yet,  giving  here  all  the  weight  fairly  due  to  this 
difficulty,  and  after  a  candid  re-examination  of  the 
problem,  I  feel  now  compelled  to  reassert  the  opinion 
I  expressed  in  1892,  and  to  contend  that  all  organisms 
not  only  repair  injuries,  but  also  suffer  perturbations 
of  that  repair  process,  and  thus  present  us  with  a 
damaging  series  of  changes  which  should  be  regarded  as 
a  true  Inflammation^  or  at  least  an  equivalent  of  that 
process,  however  varied  it  may  be  in  its  manifestations. 

Some  justifications  of  this  doctrine  I  have  already 
attempted  to  give,  but  I  will  extend  them  in  this  and 
the  succeeding  section.  The  acceptance  of  this  broad 
teaching,  however,  although  I  hope  to  be  able  to  show  that 
it  would,  by  enlarging  the  field  of  view,  tend  to  improve 
and  eveji  correct  some  of  the  current  views,  would  also 
demand  considerable  changes  of  doctrines  long  held  and 
still  dominating,  in  the  theories  and  in  the  definitions  of 
Inflammation  ;  and  particularly  it  would  necessitate  the 
rejection  of  all  the  theories  and  definitions  thereof  which 
are  not  comprehensive  enough  to  include  all  organisms, 
but  either  explicitly  or  implicitly  exclude  some,  or  some 
parts  thereof,  and  this  largely  because  such  theories  and 
definitions  are  inadequate  for  a  conception  of  the  idea 
of  Inflammation  in  general  pathology,  thought  of  as  it 
should  be,  as  coextensive  with  general  biology. 

While,  as  has  been  said,  the  general  trend  of  patho- 
logical teaching  has  on  the  whole  been  adverse  to,  or  has 
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given  no  support  to  this  doctrine,  it  is  a  comfortable 
reflection  to  me,  in  thus  venturing  to  contend  for  a  view 
so  opposed  to  much  of  the  current  teaching,  to  recall  the 
fact,  that  some  very  great  authorities  have  advocated  it, 
or  some  approach  to  it  ;  and,  if  not  in  all  cases  explicitly, 
yet  implicitly,  have  given  some  support  to  its  main 
contention  ;  and  some  others  have  so  carefully  avoided 
framing  their  theories  and  definitions  as  to  conflict  with 
it,  that  it  is  fair  to  suppose  its  possibility  was  held 
in  view. 

§  36.  To  some  of  these  authorities  I  will  now  refer, 
and  claim  whatever  of  support  their  teaching  may  give 
to  the  doctrines  here  maintained. 

Take  first  Virchow,  and,  without  inquiring  here  who 
were  his  precursors  in  this  field  of  inquiry,  note  first 
that  his  Cellular  Pathology  (1858)  teaches  that  the  living 
cell  is  the  essential  responding  thing  for  all  organisms, 
in  physiological  and  in  pathological  states,  and  thus  for 
him  general  pathology  is  coextensive  with  general  biology. 
In  TDie  Cellular  Pathologie  (fourth  edition,  1871)  he  says 
(p.  4),  "The  cell  is  the  true  organic  unit"  ;  and  again, 
"  The  cell  is  in  fact  the  ultimate  form-element  for  every 
living  phenomenon,  as  well  in  health  as  in  disease,  and 
from  it  arises  every  vital  activity  "  ;  and  again,  after  guard- 
ing himself  against  the  possible  imputation  of  conceiving 
of  life  as  something  mystical,  and  completely  distinct  from 
other  cosmic  energies,  he  says,  "  However  much  the 
nutritive  interchanges  of  material  which  occur  within  a 
cell  may  be  bound  up  with  particular  constituents  of  it, 
yet  the  cell  is  always  the  seat  of  the  activity,  the  elementary 
region  upon  which  the  kind  of  activity  depends,  and  it 
retains  its  significance  as  a  living  element  only  so  long 
as  it  persists  as  an  essentially  unimpaired  whole." 

Virchow's  views  of  inflammation  harmonised    entirely 
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with  his  teaching  of  pathology  in  general,  and  with  his 
dictum,  "  Omnis  cellula  e  cellula."  His  theory  of 
inflammation  was  a  comprehensive  one,  and  was  not 
formulated  within  any  very  strictly  limited  definition, 
such  as  could  exclude  any  organisms,  or  parts  of  them,  if 
living.  He  disputed  the  adequacy  and  correctness  of 
such  restricting  theories  and  definitions  as  were  put 
forward  by  other  authorities. 

He  thus  claimed  for  plants,  as  for  all  other  organisms, 
that  they  too  respond  to  irritation  by  cell-proliferations, 
and  he  recognised  the  close  analogies  of  such  responses 
with  those  observed  in  typical  inflammations  as  seen 
in  the  higher  animals. 

While  maintaining  that  cell-proliferations  were  always 
in  all  organisms  factors  of  the  highest  importance  and 
constancy  in  Repair,  and  in  Inflammation,  he  did  not  fail 
to  teach  that  other  modes  of  response  also  were  important, 
even  if  less  constant  and  universal  in  organic  nature  ; 
and  he  held  that,  although  cell-complexes  and  tissues, 
such  as  vessels  and  nerves  when  present,  took  a  large, 
even  sometimes  an  apparently  dominant,  part  in  a  typical 
inflammation,  yet  for  him  were  these  forms  of  response 
not  constant  even  in  the  higher  organisms,  in  all  their 
parts  ;  as  he  showed  by  his  references  to  inflammation 
in  the  non-vascular  tissues  of  the  higher  animals. 

He  emphatically  asserted  that  a  true  typical  inflamma- 
tion is  met  with  in  non-vascular  and  in  non-nervous  parts 
and  tissues  of  higher  animals  ;  and  yet  is  it  also  present 
in  the  vascular  and  nervous  tissues,  often  quite  near  by, 
in  a  somewhat  different  form,  but  yet  as  the  same  thing 
in  its  essentials. 

If  he  did  not  speak  quite  so  explicitly  and  definitely  of 
Inflammation  in  plants,  his  whole  teaching  supports  the 
view  that  in  them  also  it,  or  its  equivalent,  is  met  with. 
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In  the  first  edition  of  the  Cellular  Pathology  (1858), 
as  well  as  in  the  fourth  (1871),  he  speaks  of  inflamma- 
tion, tubercle,  cancer,  and  of  sarcoma  and  other  neoplasms, 
in  such  close  relationship  with  repair  and  with  gall- 
growth  in  plants,  as  to  show  that  all  these  forms  of 
proliferative  response  to  injury  and  to  irritation  were 
by  him  regarded  as  connected  by  some  common  bond, 
into  one  and  the  same  great  group. 

He  neither  in  his  survey  separated  plants  from  animals, 
nor  the  lower  animals  from  the  higher,  nor  the  so-called 
tumours  from  the  typical  inflammations,  such  as  are 
seen  in  suppurations.  But,  in  so  far  as  the  organisms 
consisted  of  living  cells,  with  faculties  by  which  they 
responded  to  injuries  and  to  irritants  in  action,  and 
in  so  far  as  the  diseases  and  disease-products  spoken 
of  were  due  to  irritation,  he  thought  of  them  as  all  in 
the  same  greater  category  as  that  which  included  both 
Repair  and  Inflammation. 

It  is  very  common  to  find  pathologists,  since  the  date 
of  the  publication  of  Virchow's  Cellular  Pathology  (1858), 
who  avow  their  acceptance  of  his  dictum,  "  Omnis  cellula 
e  cellula,"  and  this  is  so  even  among  some  of  those 
who,  explicitly  or  implicitly,  deny  that  Inflammation  is  met 
with  in  all  organisms.  But  it  is  difficult  to  find  any 
who  accept  the  wider  general  conclusions  which  flow 
from  that  dictum,  as  Virchow  did.  For  the  most  part 
they  are  accepted  only  with  qualifications,  which  vary 
legitimately  with  the  other  pathological  views  of  the 
author,  and  have  commonly  for  one  effect  the  exclusion 
of  some  organisms,  both  animal  and  vegetable,  from  a 
liability  to  Inflammation  ;  and  thus  often  exclude  also  some 
of  the  cell  and  tissue  responses  to  irritation,  even  in 
higher  animals,  from  the  great  group  of  pathological 
phenomena  to  which  the  name  Inflammation  is  commonly 
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given  ;  which  responses  Virchow  himself  did  include  in 
the  process  as  he  understood  it. 

None  of  these  pathologists,  however,  exclude  any 
organisms  from  a  repair  of  injury,  or  from  tissue  regenera- 
tion.    They  adopt  the  formula,  but  not  its  consequences. 

This  qualified  acceptance  is  seen  in  a  wide-spread 
disposition  to  criticise  or  contest  his  views  as  to 
irritation,  and  the  cell-proliferative  responses  thereto  ;  and 
also  in  an  equally  well-marked  tendency  to  exalt  the 
circulatory  and  nervous  changes  or  responses  and  their 
collateral  results,  whether  the  emigration  of  leucocytes 
or  the  phagocytic  phenomena,  to  a  position  of  relative 
predominance,  or  even  of  exclusive  importance,  in  the 
processes  of  Inflammation.  See  Samuel,  T)er  Entzun- 
dungs-process  (1873,  P-  ^9)>  '^^°  says,  "There  is  no 
irritant,  no  inflammatory  irritation  "  ;  and  also  Landerer, 
"  On  the  Doctrine  of  Inflammation  "  (Volkmann's  collec- 
tion of  clinical  lectures,  No.  259,  p.  7),  who  would  drive  out 
the  word  irritant  ("  Reiz  ")  from  the  teaching  of  Inflamma- 
tion, and  says,  "  I  believe  that  it  has  been  harmful  long 
enough  therein" ;  and  also  Cohnheim,  who  in  his  lectures 
(1882,  Bd.  ii.,  p.  272)  adversely  criticises  Virchow's 
doctrine  of  irritation,  especially  in  regard  to  its  conception 
of  attraction  of  growth-material,  and  in  relation  to  pus 
formation,  and  says  it  is  an  asserted  ad  hoc  conception 
in  physiology,  for  which  no  analogy  exists  in  nature. 

In  short,  the  dictum  of  the  "  Master "  has  been  ac- 
cepted in  form,  but  its  spirit  has  not  been  accepted  ;  or  at 
least,  it  has  not  led  many  of  Virchow's  successors  to  the 
same  broad  conclusions  to  which  it  led  him,  in  regard  to 
Inflammation  and  its  equivalents,  in  all  organisms.  The 
old  tendency  to  limit  the  idea  which  the  word  Inflamma- 
tion conveys  to  certain  traditional  and  obvious  local 
and  striking  series  of  changes,  met  with  only  in    some 
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organisms  and  some  tissues  in  them,  has  survived  ;  and 
it  has  tended  to  limit  the  idea  of  Inflammation^  considered 
as  a  process  met  with  in  all  living  organisms,  to  restrict 
it  to  some  of  them  only  ;  and  thus  it  has  conflicted  with 
the  dictum  as  Virchow  himself  understood  it. 

His  want  of  success  in  applying  his  views  to  the  par- 
ticular case  of  pus  formation  may,  I  think,  in  part  explain 
this  fact  ;  and  doubtless  also  Cohnheim's  rediscovery  of, 
and  brilliant  researches  into,  the  emigration  of  leucocytes 
contributed,  perhaps  largely,  to  a  retardation  of  the 
acceptance  of  Virchow's  views  ;  although  their  founda- 
tions were  not  shaken,  and  the  newer  teachings  did 
not  long  stand  without  challenge. 

However,  I  may  say  that  the  "  cellular  pathology "  is 
now  as  a  whole  firmly  established,  and  if  it  be  rightly 
understood,  it  carries  with  it  the  evidence  that  Inflam- 
mation or  its  equivalent  is  met  with  in  all  organisms. 
For  this  reason,  largely,  I  venture  to  deal  with  it  here 
somewhat  more  at  length. 

I  37.  Virchow  rests  his  pathological  teachings  upon  physio- 
logical facts  and  doctrines.  He  conceived  of  life  in  all 
organisms  as  a  somewhat  similar  common  property  of  them 
all,  exhibited  in  their  activities,  and  implying  always  the 
possession  by  them,  though  not  exclusively  in  each  of  them, 
apart  from  their  environment,  of  faculties  which  can  only  be 
manifested  when  they  are  under  the  influence  of  a  certain 
stimulus  or  excitation  from  without.  So  that  every  living 
activity  presupposes  such  an  excitation  or  stimulus,  or  in 
other  words  an  irritation  ("  Reizung "). 

This  irritation,  thought  of  only  in  its  physiological  aspects, 
he  held,  produces  a  passive  change  in  the  living  substances  of 
cells,  such  as  never  arrests  their  activities  or  destroys  them.  It 
induces,  he  thought,  an  active  change,  a  positive  product,  or  an 
exertion  of  a  function  of  the  living  structural  elements,  varying 
with  their  intrinsic  faculties,  which  are  indeed  thus  manifested.. 
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Irritability  is  thus  evinced  in  a  cell,  and  is  the  criterion 
of  the  life  of  an  organism  or  of  a  part  of  one  ;  but  he  fully 
recognised  that  it  differs  much  in  kind  and  degree  in  different 
structural  elements,  and  that  it  is  at  times,  here  and  there 
in  parts  of  a  living  organism,  not  discoverable. 

He  attached  great  importance,  both  physiologically  and 
pathologically,  to  the  intrinsic  kinds  of  activities,  due  to 
the  irritabilities  of  the  organism,  or  of  its  parts ;  and  divided 
them  into  three  groups,  related  to  the  function,  the  nutrition, 
and  the  formation  thereof  He  considered  separately  the 
various  manifestations  of  these  irritations  in  the  tissues  in 
man,  and  carried  them  on  so  as  to  include  the  emigrated 
leucocytes,  the  phagocytes  of  different  sources  and  their 
voracities,  so  as,  in  fact,  in  some  degree  to  have  anti- 
cipated Metchnikoff  But  he  kept  a  firm  grasp  upon  the 
idea,  that  the  responses  set  up  by  the  irritation  are  determined 
very  largely,  if  not  solely,  as  to  their  characters  by  the  intrinsic 
faculties  of  the  responding  things  ;  that  they  are,  in  short,  as 
yet  normal ;  and  he  does  not  indicate  here  any  acceptance 
of  the  view  that  they  are  modified  in  any  way  by  the 
irritant,  which  is  for  him  apparently  only  a  stimulant. 

He  insisted  that  in  all  cases  the  functional  responses,  even 
in  pathological  phenomena,  are  only  quantitive,  and  are  never 
also  qualitative.  The  disturbance,  injury  or  irritation,  may 
cause,  he  thought,  a  defect,  a  weakening,  or  an  increase  of  a 
normal  function ;  but  they  never  can,  for  example,  change 
the  character  of  the  function,  say  of  a  muscle,  to  that  of  a 
nerve  or  of  a  gland. 

He  considered  functional  irritability  as  mainly  within  the 
special  province  of  the  physiologists,  who  have  chiefly  studied 
it ;  but  he  thought  of  nutritive  irritability  as  more  peculiarly 
a  part  of  the  pathologist's  study ;  and  in  it  he  held  that  there 
is  involved  an  increased  intake,  into  the  tissue  elements,  of 
growth-materials;  and  this  he  thought  the  most  important 
beginning  of  the  processes  displayed  in  pathological  anatomy. 

But  he  elsewhere  showed  that  in  physiological  irritation 
there  is  also  a  similar  increase  of  the  intake  of  materials. 

From  this  standpoint  he  viewed  hypertrophy  and  hyper- 
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plasia,  but  his  illustrations  were   taken  chiefly  from  physio- 
logical data. 

From  a  similar  point  of  view,  he  studied  and  explained 
atrophy  and  aplasia,  and  connected  them,  through  impaired 
nutrition,  with  the  regressive  processes,  necrobiosis  and 
necrosis,  and  the  so-called  degenerations.  In  so  doing,  he 
carefully  retained  for  the  atrophies  the  possibility  of  a  rever- 
sion to  a  norm  of  the  tissue  elements  which  had  not  suffered 
any  form  of  necrosis  or  of  a  well-marked  degeneration. 

He  explained  the  normal  nutrition  of  the  different  parts 
and  tissues  as  also  a  manifestation  of  the  activities  of  the 
irritability  of  specially  endowed  organs  and  of  their  elements, 
the  cells ;  and  he  demanded  that  the  nutrition  must  persist, 
and  include  in  the  tissues  and  cells  involved  the  intrinsic 
faculty  to  assimilate  and  retain  suitable  growth-materials 
under  due  conditions  of  the  environment. 

He  strenuously  asserted  that  tissues  without  blood-vessels 
are  yet  well  nourished,  grow  and  develop  ;  said  "  they  nourish 
themselves,"  and  are  not  solely  nourished  by  the  nearer  blood- 
vessels, however  much  these  may  be  factors ;  he  also  said, 
"  Each  little  cell  sustains  itself  as  a  minute  plant  does, 
and  selects  its  nutritive  materials  from  its  neighbourhood  " 
(/.c.,p.  370). 

He  urged  also  as  an  important  fact,  that  in  each  organism, 
or  in  a  part  of  one,  increased  growth  is  not  a  constant  effect 
of  increased  stimulation  or  irritation  and  supply  of  growth- 
materials,  and  that,  especially  in  pathological  phenomena,  it 
is  found  that  a  due  proportion  and  grade  of  these  is  required 
for  such  an  effect  to  follow,  and  that  prolonged  severe  or 
acute  irritation  often  may  bring  about  adverse  and  damaging 
responses. 

He  did  not  here,  or  I  think  elsewhere,  make  a  clear  distinc- 
tion between  stimulation  or  irritation  as  a  physiological 
constant  and  an  "  injurious  irritation,"  such  as  involves  damage 
as  a  consequence ;  yet  he  recognised  that  responsive  processes 
of  this  order  give  us  some  of  the  phenomena  such  as  are  seen 
in  inflammation,  of  which  he  gave  as  examples  the  changes 
seen  in  the  epithelial  cells  in  some  renal  inflammations ;   and 
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he  conceived  of  these  as  hypertrophies  due  to  irritant  actions 
which  had  induced  an  undue  increase  of  the  intake  of  growth- 
materials  into  the  cells ;  but  so  wanting  in  proportion  that 
the  resulting  product  was  not  permanent  or  functionally 
competent.  Such  examples  can,  he  taught,  be  seen  in  cloudy 
swellings,  in  many  early  inflammations ;  and  he  granted  the 
difficulty  of  confidently  identifying  them  with,  or  separating 
them  from,  true  simple  hypertrophies. 

As  he  had  insisted  in  regard  to  non-vascular  tissues  of 
higher  animals,  so  he  did  in  respect  of  non-nervous  ones, 
especially  the  articular  cartilages  ;  and  he  held  with  Redfern 
that  they  can  be  inflamed,  and  are  so,  in  a  close  relation  with 
the  irritation,  perhaps  experimentally  induced ;  and  then  they 
also  evince  some  increased  intake  of  growth-materials  in  the 
irritated  cell.  Expanding  this  argument  to  nerve-  and  vessel- 
supplied  tissues,  such  as  skin,  he  pointed  out  that  the  inflam- 
mation responses  are  limited  in  area  by  the  irritation  of  the 
tissue  elements,  not  by  the  distribution  of  the  nerves,  nor 
indeed  of  the  vessels  ;  and  evidence  of  this  truth  is,  he  said, 
afforded  in  observations  on  epidermis  where  it  is  supplied 
with  nerves,  but  not  with  vessels. 

He  referred  the  observed  swelling  in  these  cases  to  hyper- 
trophy of  the  cells  and  tissues,  not  to  their  proliferation,  for 
this  latter  response  would  not,  in  his  view,  be  hypertrophy 
proper. 

He  made  a  marked  distinction  between  this  teaching,  and 
the  common  one  associated  with  the  saying,  "  Ubi  stimulus 
ibi  affluxus"  which  assumes  that  the  afflux"  is  all  or  chiefly 
vascular.  He  disputed  the  common  doctrine  of  inflammatory 
exudation,  and  adopted  the  term  "  parenchymatous  inflamma- 
tion "  to  signify  the  changes  in  the  cells  and  tissues  set  up, 
he  thought,  by  an  irritation  of  a  particular  and  exceptional 
form.  He  gave  a  detailed  account  of  such  a  parenchymatous 
inflammation  in  the  cornea,  granted  that  it  approaches  very 
near  to  a  degeneration,  but  considered  it  not  so  in  fact,  for  it 
is  recoverable  by  resolution  ;  yet  he  held  this  as  a  good 
example  of  an  inflammation  of  this  type,  and  as  the  highest 
degree  of  a  nutritive  irritation,  as  manifested  in  the  response. 
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which  is  throughout  only  a  cellular  and  tissue  series  of  changes. 
He  found  parenchymatous  inflammation,  in  his  sense  of  the 
term,  very  widely  spread,  seen  indeed  in  all  the  infective 
forms. 

He  dealt  with  the  manifestations  of  irritation  of  the 
formative  faculties,  often  attending  and  coexisting  with  those 
of  the  nutritive  faculties ;  and  it  is  noteworthy  that,  although 
he  dealt  here  with  responses  to  irritation,  both  phj'siological  and 
pathological,  and  so  included  inflammatory  changes,  he  took 
an  example  to  begin  with  from  new  formations,  to  v»^it,  from 
a  melanotic  new  growth  of  the  parotid  gland,  as  if  it  served 
to  illustrate  either  equally  well.  He  drew  attention  in  this 
connection  to  the  division  and  multiplication  of  the  nuclei, 
and  compared  these  with  the  cell-proliferations  he  believed  to  be 
found  in  leucocytes,  in  pus  corpuscles,  and  in  many  normal 
tissues,  new  growths,  and  inflammatory  responses.  He  traced 
similar  nuclear  proliferations  in  muscles,  in  connection  with 
their  initial  growth ;  in  repair  of  injuries,  in  inflammations  ; 
and  in  new  growths ;  and  he  followed  Goodsir  in  thinking  of 
the  nucleus  as  the  essential  centre  in  relation  to  cell-prolifera- 
tion. He  in  this  way  approached  new  cell-formation,  and 
held  that  the  rule  is  that,  after  the  division  of  the  nucleus,  the 
cell  does  the  same,  and  so  its  proliferation  results,  as  the 
regular  mode  of  reproduction  of  organic  elements  ;  which  may 
be  variously  related  to  each  other,  and  may  further  increase 
in  number  or  not. 

He  derived  examples  indifferently  from  normal,  young,  or 
from  irritated  cartilage,  or  from  plants,  and  did  not  distinguish 
the  irritation  here  implied,  as  physiological  and  reparative, 
or  pathological  and  damaging,  direct  or  indirect,  in  its  effects. 
He  dealt  with  epidermis  and  with  connective  tissues  in 
these  aspects  ;  and  although  the  latter  is  a  more  complex 
structure  and  has  been  much  misunderstood,  he  held,  by  a 
too  great  preponderance  being  given  to  the  intercellular 
•  substance  in  it,  with  a  relative  neglect  of  its  cellular  com- 
ponents, yet  is  the  significance  of  the  connective  set  forth  as 
great  as,  and  as  instructive  as  is  that  of  the  epidermis  or 
the  epithelium ;  and  especially  is  the  cellular  proliferation  in 
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it  well  seen  in  new  growths,  even  better  in  them  than  in 
inflammation,  as  the  process  is  not  so  rapid. 

He  traced  these  cell-proliferations  in  cartilage,  and  con- 
nected them  with  allied  changes  in  plants,  and  in  connective 
tissues,  so  as  to  formulate  a  law  of  continuous  development  in 
all  organisms.  He  called  all  these  cell-proliferations  growths, 
and  imputed  them  primarily  to  the  initial  fertilisation  in  which 
a  persisting  growth-stimulation  or  irritation  is  set  up,  and 
persists  in  adult  parts  and  organisms  ;  without  an  attempt 
being  here  made  to  distinguish  the  normal  stimulant,  irritant, 
or  irritation  so  produced  from  any  extrinsic  or  abnormal  forms 
of  irritant  actions,  or  their  consequences.  So  that  he  connected 
the  phenomena  of  cell-enlargement  and  of  later  proliferation  by 
division,  seen  near  a  persisting  mechanical  or  other  irritant 
in  action,  both  the  nutritive  irritations  and  the  formative 
ones,  with  the  manifestations  of  the  initial  normal  irritant 
actions  or  faculties,  without  any  marked  distinctions  between 
them. 

He  discussed  leucocytic  emigrations  and  the  fates  of  such 
escaped  cells,  and  the  various  cells  seen  in  inflammatory 
exudations,  and  also  the  products  of  proliferative  processes 
in  regenerating  tissues ;  and  held  it  proven  that  the  formula, 
"  Omnis  cellula  e  cellula,"  is  not  in  any  way  weakened, 
but  is  rather  supported,  by  all  the  ascertained  facts  of  this 
order ;  and  the  statement  still  holds,  he  urged,  that  new  cells 
are  only  produced  from  the  substance  of  existing  cells. 

He  explicitly  declared  that  he  had  never  taught  or  implied 
that  all  new  cell-formation  began  in  the  connective  tissue,  or 
that  from  this  source  all  new  elements  were  derived;  rather  he 
has  always  studied  cell  and  nucleus  new  proliferations  as 
occurring  also  in  epithelium,  in  muscle,  and  in  other  living 
tissues ;  and  in  no  case  has  he  ever  run  counter  to  any  real 
progress  in  connection  with  leucocytic  emigrations,  and  the 
fates  which  await  them  :  in  this  respect  he  considered  he  had 
been  misunderstood. 

He  strongly  reaffirmed  the  doctrine  that  the  production 
of  all  new  formations  begins  always  in  the  formative  or 
plastic  activities   of  existing  cellular  elements ;    and   this   is 
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said  without  regard  here  to  the  diverse  kinds  of  cells  in  the 
higher  animals  or  plants.  He  was  much  concerned  to  deny 
that  any  extra-cellular  materials  can  begin  a  new  cell ;  but  he 
admitted  that  within  a  cell  certain  substances  may  be  present 
as  the  carriers  of  the  formative  irritation,  i.e.  of  the  irritants. 

He  held  that  we  as  biologists  must  affirm  the  truth  that 
it  is  a  vital  faculty  for  each  formed  element  to  reproduce 
new  elements,  and  also  that  such  a  vital  activity  persists  even 
when  external  irritant  actions  are  involved  in  the  succession 
of  changes,  and  are  perhaps  essential  to  their  occurrence. 

He  carefully  showed  that  vascular  changes,  as  such,  do  not 
themselves  determine  these  formative  irritations,  and  reactions 
to  them,  while  irritations  of  the  cells  and  tissues  can  do  so  in 
vascular  and  in  non-vascular  tissues,  although  he  granted 
freely  that  vascular  changes  in  excess  or  defect  are  factors 
of  some,  importance  in  inflammations  and  in  the  irritations 
by  which  they  are  set  up. 

In  like  manner  he  followed  the  effects  of  variations  of  the 
innervation  of  parts  and  tissues ;  and  he  showed  that  they 
may  also  be  factors  often  in  the  production  of  inflammation, 
but  are  not  constant  in  it  ;  and  in  this  way  we  cannot,  he 
held,  explain  the  irritations  of  the  elements,  i.e.  the  cells,  of 
an  inflamed  and  responding  tissue. 

He  urged  that  the  fact  remains,  that  the  autonomy  of  the 
elements  of  the  tissues,  i.e.  of  the  cells,  persists  as  a  constant  in 
all  the  responses  to  irritant  actions,  in  pathological  as  well  as 
in  normal  growths  and  nutritions ;  so  that  we  find  and  can 
experimentally  induce  such  responses  in  nerveless  tissues  and 
in  paralysed  parts  by  the  employment  of  directly  acting 
irritants. 

It  is  to  me  noteworthy  that  he  granted  that  there  is 
demanded  always  a  particular  irritant,  extrinsic  or  intrinsic 
in  origin,  in  order  to  produce  a  characteristic  excitement  or 
irritation  of  the  tissue  element  or  cell.  In  this  way  he  traced 
a  series  of  gradations  between  the  responses  to  pathological 
disturbances  or  irritations  and  those  to  physiological  ones, 
that  is,  between  inflammations,  tumours  and  simple  repairs; 
He  explained  this  position  by  a  reference  to  his  three  forms 
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of  irritative   actions,  functional,    nutritive    and   formative,  as 
above  given. 

He  dealt  thus  especially  with  the  inflammatory  irritations, 
and  said  the  responses  are  not  simple,  for  the  process  is 
a  complex  one.  In  it  he  held  that  all  possible  forms  of 
irritation  are  present,  and  in  the  same  inflammatory  focus 
we  find  the  responses  are  functional,  nutritive  and  formative, 
as  may  be  seen  in  an  inflamed  muscle,  in  which  often  pus 
is  produced,  as  he  taught,  by  a  true  formative  reaction. 
In  inflammation  of  the  same  tissue,  muscle,  he  found  also 
simultaneously  progressive  and  regressive  phenomena  due 
to  changes  of,  and  defects  in,  the  nutritive  faculties ;  I 
think  he  meant  constantly. 

Of  the  process  as  a  whole,  he  says,  "  The  inflammation  as 
such  then  demands  neither  nerves  nor  vessels,  neither  pain 
nor  exudation  ;  it  can  exist  as  a  simple  nutritive  or  formative 
process,  only  distinguished  from  other  similar  ones  by  its 
characters  of  acuteness  and  of  danger"  (/.<:.,  p.  339);  so  that 
he  included  in  it  "  damage." 

After  an  investigation  of  many  varieties  of  regressive 
phenomena,  including  both  degenerations  and  necroses,  he 
again  took  up  inflammation,  especially  because  it  is  so  often 
the  cause  of  such  regressions. 

He  considered  that  the  inflammation  idea  has  been  much 
changed  since  its  beginning,  by  and  in  observation  and 
experience;  and  although  it  has  been  even  in  recent  times 
considered  ontologically  as  an  entity,  and  in  its  nature  and 
essence  always  and  everywhere  a  similar  process,  he  held 
confidently  that  it  is  not  so,  but  that  it  is  rather  a  succession 
of  particular  forms  of  different  processes  {I.e.,  p.  472). 

It  is,  however,  to  me  singular  that  he  did  not  give  an 
explanation  here  of  the  actual  common  amid  the  variable  in 
this  succession  of  different  processes,  which  by  implication 
he  obviously  accepted  as  manifesting  inflammation. 

He  referred  here,  in  connection  with  the  process  of 
inflammation,  to  Galen,  and  the  traditional  four  signs,  "  calor, 
rubor,  tumor,  dolor,"  noticed  the  original  dominance  of  heat, 
then    of  redness,    and   the   resulting,   almost   exclusive    pre- 
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dominance  of  the  vascular  phenomena,  which,  however,  he 
excluded  as  not  constant,  as  he  also  did  heat,  swelling  and 
pain.  He  pointed  out  here  that  we  cannot  escape,  even  if 
we  accept  in  the  main  the  views  of  Andral  and  Broussais, 
from  the  idea  of  the  irritation,  and  the  irritant,  and  says  (/.r., 
p.  474),  "  We  cannot  think  of  an  inflammation  without  an 
inflammatory  irritation,  and  it  remains  to  ask  how  can  one 
best  understand  or  mentally  present  such  an  irritant" 

This  passage  almost  says  that  all  responses  to  irritation  are 
inflammations ;  but  this  is  not  really  his  meaning,  for  some 
responses  to  irritation  are,  he  held,  efficient  and  normal,  in 
his  sense  of  the  word  irritation ;  and  not  all  pathological 
responses  to  irritation  are,  he  seemed  to  hold,  inflammation, 
unless  the  irritation  had  been  inflammatory. 

In  no  case  did  he  grant  that  any  one  of  the  four  classical 
signs  of  inflammation  is  constant  in  it,  and  characteristic  of 
it,  even  in  the  higher  animals,  nor  did  he  grant  that  their 
concurrence  is  so,  or  that  the  idea  of  inflammation  would  be 
satisfied  if  we  were  to  add  the  fifth  sign,  "  functio  laesa"  ;  and 
obviously  the  concurrence  of  all  of  them  was  out  of  con- 
sideration for  inflammation  in  a  general  pathology,  as  he 
studied  it,  i.e.  as  a  part  of  general  biology. 

Herein,  if  as  yet  by  implication  mainly,  he  retained  cell- 
proliferation  in  inflammation,  and  this  may  perhaps  involve 
swelling,  but,  if  so,  not  in  the  sense  of  an  exudation. 

He  adopted  the  view  that  the  irritation  by  which  an 
inflammation  is  set  up  always  involved  his  threefold  dis- 
turbance, functional,  nutritive,  and  formative,  and  that 
"functio  laesa"  is  a  fifth  sign,  but  he  did  not  say  a  charac- 
teristic one.  In  any  case  it  is  clear  that  he  considered  a 
particular  irritation  to  be  an  adequate  cause  of  a  local 
cell-proliferation  in  inflammation,  although  he  did  not  say 
that  it  misdirected  the  cell-multiplication  and  development, 
or  that  it  is  peculiar  to  inflammation,  or  is  characteristic  of  it. 

In  all  the  cases  he  found  that  the  irritation  must  determine 
a  change  in  the  living  normal  cell-substance,  that  if  it  be 
slight  it  may  increase  the  function,  if  very  great  may  destroy 
it,  and,  when  it  is  of  an  intermediate  grade,  it  involves  also 
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both  nutritive  and  formative  changes  in  the  cell-substance ; 
and  all  these  consequences  are,  he  held,  certain  results  of 
experience. 

So  thought  of,  the  normal  or  physiological  stimulation,  or 
irritation,  which  he  here  included,  is  only  in  degree  different 
from  the  abnormal  or  particular  irritation  which,  he  held, 
initiated  inflammation,  and  not  in  kind ;  and  he  did  not 
here  assert,  or  seem  to  think  of,  a  specific  irritation  as  a 
cause  of,  or  essential  factor  in,  the  process  of  inflammation 
which  may  follow.  He  said  {I.e.,  p.  475),  "  If  we  desire  to 
speak  of  an  inflammatory  irritant,  we  can  at  present  think 
only  of  that  which,  derived  it  may  be  from  the  environment 
or  from  the  same  organism,  perhaps  from  the  blood-vessels 
or  the  nerves,  sets  up  in  any  part  a  state  of  irritation  by 
changing  in  the  elements  of  the  part  their  mixture  or 
composition,  and  so  modifying  their  relations  to  the  neigh- 
bouring parts,  as  to  enable  them  to  draw,  either  from  the 
blood-vessels  or  the  tissues,  a  larger  quantity  of  materials 
into  themselves,  and  to  appropriate  them  according  to  the 
circumstances.  Each  form  of  inflammation  we  know  of 
•can  in  this  way  find  its  natural  explanation.  Each,  it  is 
seen,  begins  as  an  inflammation  at  the  moment  when  the 
increased  intake  of  the  materials  in  the  tissue  commences, 
and  the  consequent  interchanges  of  such  materials  are 
introduced." 

I  do  not  find  that  he  gives  any  other  or  more  satisfactory 
explanation  of  the  meaning  he  attaches  to  "  inflammatory 
irritation  "  than  this,  which  is  not  altogether  adequate. 

He  pointed  out  that,  some  apparent  analogies  notwith- 
standing, these  conceptions  do  not  demand  blood-vessels, 
hyperaemia  or  other  vascular  phenomena,  as  has  already  been 
said  in  connection  with  non-vascular  tissues.  Yet,  he  was 
careful  to  note  that  in  parts  and  tissues  of  diverse  structures 
and  faculties,  the  inflammatory  responses  differ ;  and  that  in 
these  cases  the  vascular  tissues  are  important,  and  so  also 
are  other  intrinsic  qualities  of  the  tissues,  as  may  be  seen  in 
inflammations  of  mucous  and  serous  membranes,  and  of 
other   structures   and    organs ;    apart    from    the    degree    of 
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severity,   and    other    characters    of    the    irritant,   to    which^ 
however,  he  gave  but  little  relative  attention. 

Inflammatory  exudation  as  such,  and  as  commonly  ac- 
cepted, he  criticised,  and  explained  its  variations  by  taking- 
fully  into  account  the  circulatory  phenomena,  the  cellular  and 
the  functional  attributes  of  the  parts.  In  this  way  he  founded 
his  subdivision  of  inflammations  into  the  parenchymatous  and 
the  exudative ;  but  he  did  not  make  it  a  constant  or  general 
one,  or  deny  that  both  may  occur  together,  as  in  a  mucous 
membrane. 

He  recalled  and  discussed  the  common  division  of  inflam- 
mations into  the  purulent  and  the  adhesive  forms,  as  founded 
upon  Hunter's  researches  ;  and  pointed  out  that  we  must  first 
consider  in  what  way  and  degree  the  affected  tissue  is  changed 
and  tends  to  degenerate,  and  in  what  way  liquid  exudations 
may  tend  to  free  it  from  injurious  influences  or  materials 
tending  to  produce  degeneration. 

Here  he  evidently  thought  of  inflammation  as  a  process 
which  could  be  sometimes  salutary  to  the  organism  in 
some   ways. 

He  thought  every  parenchymatous  inflammation  tended  to. 
change  the  histological  and  functional  characters  of  the  part 
affected  ;  and  every  exudative  inflammation  tended  to  free 
the  part  from  something  injurious  in  it,  and  more  rarely  led 
to  any  durable  degeneration  than  did  a  parenchymatous 
inflammation.  But  he  did  not  deny  the  constancy  of  the 
damage  done  in  either  form. 

On  these  grounds,  he  conceived,  were  founded  the  old- 
established  lines  of  treatment  which  tended  to  favour  discharges 
and  fluxes. 

He  separated  the  parenchymatous  and  the  exudative 
inflammations  further,  and  said  they  differ  "  in  nature "  ;  he 
would  call  the  former  "  inflammatory  degeneration,"  and  the 
latter  "  inflammatory  secretion "  ;  yet  he  granted  that  both 
forms  are  caused  by  an  irritation,  and  that  neither  can  occur 
without  this ;  and  he  said  (p.  481)  "that  the  same  irritation 
excites  here  a  degeneration,  there  an  exudation  "  ;  in  short,  in 
both  forms  he  found  associated  the  common  signs  of  inflam- 
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mation,  while  yet  he  did  not  connect  the  consequences  with 
the  causes,  as  measures  one  of  the  other,  or  dwell  upon  the 
diverse  kinds  and  degrees,  or  specific  characters  of  the  irritants, 
in  relation  to  the  varieties  of  the  inflammation,  or  set  forth 
what  in  his  view  are  the  common  or  constant  signs  of 
inflammation. 

However,  he  saw  clearly  the  clinical  diversities  of  these  two 
forms  of  inflammation,  and  the  real  relations  of  both  to  the 
intrinsic,  normal  faculties  of  the  organism  ;  but  he  thought  the 
conclusions  so  reached  were  often  anatomically  false.  In  this 
path,  he  held,  we  are  often  misled,  and  so  are  induced  to  seek 
for  "  a  single  anatomical  definition,  and  so  far  each  attempt  in 
this  direction  has  been  a  failure"  {I.e.,  p.  481). 

He  entered  somewhat  in  detail  into  a  study  of  the  formative 
irritations  in  connection  with  new  formations,  in  the  sense  of 
tumours,  with  which,  as  much  as  with  inflammatory  responses, 
they  are,  he  held,  connected.  So  that  he  retained  his  wide 
conception  of  irritation,  not  only  in  relation  to  normal 
processes,  and  to  inflammations,  but  also  to  the  beginning  and 
progress  of  new  growths,  considered  as  somewhat  distinct 
from  inflammations. 

He  started  with  the  accepted  law  of  a  continuous  develop- 
ment of  the  cellular  structural  elements  in  all  organisms,  and 
pursued  it  in  a  study  of  tubercle,  and  of  some  ot  the  products 
of  enteric  fever  irritations  ;  and  he  found  in  each  and  all  of 
them,  cell-proliferations  at  the  beginning  of,  and  as  a  necessary 
part  of  the  continuing  process ;  and  through  these  investiga- 
tions he  passed  on  to  a  study  of  the  connective,  the  epithelial, 
the  lymphatic  tissues,  and  their  connections,  including  leuco- 
cytes, to  the  beginning  of  all  new  growths  or  tumours. 

He  developed  the  idea  of  the  general  presence  of  the  con- 
nective in  all  organs,  in  some  equivalent  form ;  of  its  cellular 
construction,  and  of  the  great  importance  of  this  structure  in 
connection  with  the  beginning  of  a  new  growth,  whatever  may 
also  be  the  importance  of  other  cellular  tissues. 

Much  of  his  argument  here  is  directed  to  show  the  in- 
adequacy in  this  connection  of  the  older  views  as  to  the 
extra-cellular  elements,  such  as  the  cytoblastema,  and  also  of 
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the  exudation,  and  the  greater  significance  than  had  previously 
been  granted  of  the  connective  tissue  cells  and  their  nearer 
associates.  In  this  way  he  traced  the  beginning  of  tumours 
in  such  organs  as  liver,  brain,  or  cord,  mainly  to  the  connective 
tissue  and  its  adjuncts. 

He  called  attention  here  to  the  law,  of  which  Miiller  laid 
the  foundations,  that  cell-production  and  development  in  a 
fertilised  ovum,  and  in  pathological  processes,  is  essentially 
the  same,  and  he  pointed  out  that  this  implies  the  pre-exist- 
ence  of  cells  with  their  faculties. 

He  studied  the  question  of  the  fates  of  emigrated  leucocytes 
in  frogs  or  in  man,  in  connection  with  the  beginning  of  new 
growths,  whether  tumours  or  not ;  and  he  taught  that  it  does 
not  materially  change  the  problem  ;  because  the  emigrated 
leucocytes,  whether  or  no  they  are  derived  from  the  connective 
tissues,  or  from  the  lymph-glands,  or  elsewhere,  are  in  any 
case  newly  proliferated  somewhere,  if  not  perhaps  always  in 
the  place  where  they  are  accumulated.  He  accepted,  at  least 
provisionally,  the  view  that  these  somewhere  proliferated 
cells  can  further  multiply  and  develop,  and  he  thought  of 
them  as  having  various  origins,  yet  always  as  derived  from 
cells  which  were  closely  related  to  the  connective  tissues. 

He  studied  the  modes  by  which  cells  proliferate,  and  he  put 
these  in  two  divisions — by  fission,  and  by  endogenous  new 
formation ;  he  found  examples  of  the  former  in  epithelium 
and  in  cartilage,  and  in  other  connective  tissues,  normal  and 
abnormal,  often  under  the  influence  of  irritation,  which  is 
frequently  mechanical ;  and  of  the  latter,  i.e.  the  endogenous 
multiplication,  of  which  he  granted  we  know  less  certainly  the 
details,  he  found  examples  in  some  normal  and  abnormal 
tissues,  e.g.  in  the  thyroid,  in  tumours,  as  in  carcinomata,  and 
in  many  inflammation  products,  e.g.  in  some  forms  of  peri- 
carditis. He  noticed  also  other  and  less  certain  modes  of  cell- 
multiplication,  in  which  endogenous  and  fissiparous  changes 
seem  to  be  concurrent  or  successive,  and  these  also  in  diverse 
abnormal  states,  carcinomatous  or  tuberculous.  But  he  held 
in  all  the  cases  that  a  pre-existing  living  cell  is  demanded. 

Even  a  greater  uncertainty,  he  granted,  exists  in  respect  of 
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the  cells  within  cells,  such  as  mucous  or  pus  cells  within  an 
epithelium  cell,  and  these  he  left  open. 

In  any  case,  he  held,  there  can  be  only  the  two  main  modes 
of  cell-proliferation,  whether  physiological  or  pathological, 
that  is  to  say,  the  mode  by  fission  or  by  endogenous  new 
formation  ;  and  this,  he  contended,  is  true  also  of  plants ;  and 
the  fact  is,  he  held,  well  known  to  botanists,  who  think  of  the 
proliferation  by  fission  as  the  usual  mode  of  growth,  and  the 
endogenous  mode  as  the  reproductive  one ;  but  both  modes 
are,  he  held,  met  with  pathologically  in  plants. 

He  studied  granulations,  but  first  called  attention  to  the 
fact  that  in  efficient  responses  and  growths  of  this  order,  the 
result  is  the  production  of  a  new  formation  from  the  develop- 
ment of  new  cells,  which  have  a  regular  conformity  with  the 
tissue  from  which  they  sprang.  Such  a  new  formation  with 
development  has  been  called  hypertrophy,  but  he  would  rather 
speak  of  it  as  a  hyperplasia,  on  account  of  the  increase  in  the 
number  of  the  tissue  elements ;  and  so  he  held  there  is  in  such 
a  case  not  only  a  nutritive  irritation,  but  also  a  formative  one. 
In  the  granulations,  he  held  that  the  cells  multiply  by  fission 
repeatedly,  and  produce  many  smaller  ones,  may  even, 
he  taught,  thus  cease  to  multiply,  yet  often  may  again 
enlarge  and  develop  into  a  tissue  like  that  out  of  which 
they  began,  so  as  to  produce  a  hyperplasia.  In  this  category 
he  placed  those  new  formations  which  begin,  he  thought,  in 
emigrated  leucocytes  or  in  transposed  connective  tissue  cells. 

There  often  follows,  however,  he  held,  a  different  develop- 
ment of  the  newly  formed  small  cells,  i.e.  a  heterologous 
development  occurs.  I  do  not  find  that  he  gives  any  adequate 
explanation  of  the  etiology  of  this  heterologous  change  in  the 
development  of  the  new  granulation  cells. 

Cells  may  sometimes  perhaps  enlarge,  and  yet  only  the 
nuclei  multiply,  or  at  least  chiefly  these,  as  he  held  is  often 
seen  in  emigrated  leucocytes,  and  in  pus  corpuscles.  In 
new  growths  this  phase  is  also,  he  thought,  common,  and 
the  stage  of  multiple  nuclei  may  be  prolonged  before  a  fission 
of  the  cell  is  seen. 

In  the  endogenous  new   growths,  however,  heterology   is 
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a  more  frequent  result  than  in  the  fissiparous  ones,  as  the 
endogenously  produced  new  cells  are,  he  taught,  apparently 
indifferent  to  the  influence  of  the  mother-cell  substance. 

He  here  seems  to  have  assumed  a  stage  in  the  tissue 
elements  in  which  one  cannot  foresee  at  the  beginning  whether 
the  new  growth  will  be  benignant  or  malignant,  homologous 
or  heterologous.  This  stage  is,  he  thought,  one  of  absolute 
indifference,  and  he  calls  it  "  the  granulation  stage."  It  is,  he 
held,  not  always  discernible  ;  but  it  is  then  not  the  less  real 
and  necessary  as  an  actual  delicate  and  internal  material 
difference,  which  he  compared  somewhat  with  the  essential 
attributes  of  the  primary  formative  cells  of  an  embryo. 

He  gave  a  careful  reconsideration  to  and  a  denial  of  the 
existence  of  a  generally  spread  cytoblastema  in  the  organism  ; 
and  he  asserted  the  existence  of  a  generally  diffused  pro- 
liferative cellular  tissue,  for  example,  the  connective,  for  which 
he  demanded  "  a  uniform  similar  irritant  in  it  everywhere " 
{I.e.,  p.  495).  He  gave,  as  an  example  of  his  views  in  these 
regards,  bone,  in  respect  of  its  origin,  development,  and 
growth ;  of  its  various  pathological  changes,  both  in  inflam- 
mation, and  in  the  various  new  growths  it  presents. 

He  studied  in  detail  in  physiological  and  pathological  pro- 
cesses the  succession  of  changes  which  he  called  metaplasiae, 
and  saw  in  each  series  proliferations  of  pre-existing  cells,  with 
later  modifications,  irrespective  apparently  of  the  kinds  of 
irritant  actions  by  which  they  were,  as  he  thought,  set  up. 

He  found  in  the  simplest  reparative  responses,  and  in  the 
most  varied  inflammatory  ones,  and  in  all  the  new  growths, 
essentially  similar  proliferative  changes,  with  modifications 
or  metaplasise  of  the  products ;  but  he  did  not  deal  with,  or 
seek  to  explain  here,  the  differences  in  the  latter,  by  equivalent 
divergences  in  the  kinds  of  the  irritant  actions. 

In  this  connection  he  explained  the  production  of  pus,  in 
all  its  stages  and  grades,  as  associated  with  granulation 
tissue ;  and  he  said  (p.  524)  :  "  It  begins  not  out  of  a  blastema 
or  from  a  particular  act,  not  from  a  new  creation,  but  it 
develops  itself  regularly  from  generation  to  generation  in  a 
perfectly  legitimate  mode ;  and  this  is  just  the  same  whether 
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its  elements  were  derived  from  those  of  the  pre-existing  ones 
of  the  part,  or  whether  they  were  derived  directly  from  the 
blood  into  the  tissues  at  the  focus."  Here  he  would  seem  to 
have  attempted  to  meet  Cohnheim's  views,  and  said  (p.  524) : 
"  We  find  in  the  history  of  diseased  bone  a  complete  series  of 
tissue  metaplasiae  before  us.  The  first-produced  bone  from 
cartilage  or  from  connective  tissue  can  be  changed  or  meta- 
plased  into  medulla,  into  granulation  tissue,  and  at  length 
into  almost  pure  pus." 

He  concluded  that  the  normal  and  the  pathological  pro- 
cesses in  bone  teach  us  that  a  series  of  permutations  and 
transformations  or  substitutions  occur,  which  progress  in 
different  modes,  and  yet  are  always  connected  together  and 
are  continuous,  "  in  accordance  with  the  conditions  present  in 
the  focus."  He  held  that  we  have  in  the  whole  series  only 
the  red  medulla  as  the  type  of  heterologous  tissue-formation, 
inasmuch  as  it  consists  of  the  smallest  cells,  is  comparable  with 
young  embryonic  tissue  states,  and  with  "  true  granulation 
tissue  in  its  type"  ;  and  he  adds  (p.  525)  :  "  Wherever  new 
formations  begin  in  a  massive  way,  there  occurs  the  growth 
of  a  tissue  of  the  type  of  a  granulation,  and  analogous  to  a 
young  medullary  substance ;  and  no  matter  how  solid  and 
firm  the  tissue  may  have  been,  there  always  a  cell-proliferation 
can  take  place,  which  lays  the  germ  for  the  growth  of  the 
later  elements  of  the  structure." 

He  strongly  impressed  the  doctrine  that  all  neoplasms  are 
substitutions,  not  exudations  ;  and  that  all  cell-proliferations, 
such  as  we  see  in  a  simple  fission,  imply  a  destruction  of 
the  proliferating  cell,  not  in  the  usual  sense  of  the  term,  yet 
truly  so. 

From  the  known  facts  it  results,  he  held,  that  all  new 
formations  are  homologous  or  heterologous.  Commonly,  he 
held,  it  is  thought  that  the  product  of  the  growth  of  a 
neoplasm  is  distinctive,  if  it  differs  more  or  less  from  that 
tissue  out  of  which  it  began  ;  and  this,  he  thinks,  is  a  legiti- 
mate basis  for  a  structural  classification  of  new  growths;  and 
such  growths  are  heterologous,  whether  or  no  they  are 
commonly  called  malignant  by  pathologists. 

14 
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Those  new  growths  are,  he  considered,  homologous  which 
resemble  in  their  type  the  tissues  out  of  which  they  grew, 
e.g.  the  myomata,  or  the  fibromata  of  the  uterus.  Those 
products,  say,  of  a  catarrhal  inflammation,  are,  he  held,  hetero- 
logous which  are  in  a  local  excess  and  disorder,  and  differ  in 
an  important  degree  from  the  cells  and  tissues  from  which 
they  are  derived,  e.g.  in  fluor  albus.  He  taught  that,  in  the 
strict  sense  of  the  word,  only  the  heterologous  new  formations 
are  destructive  in  their  progress,  while  the  homologous  ones 
are  not  destructive  or  malignant,  however  damaging  they  may 
be  under  some  conditions.  He  considered  heterologous  new 
formations  of  all  kinds,  therefore,  as  peculiarly  malignant  or 
destructive,  and  he  gave  as  instances  extensive  and  prolonged 
catarrhal  fluxes  from  mucous  membranes  with  erosions,  using 
the  term  malignant  in  a  sense  not  now  common. 

He  dealt  with  the  massive  destructions  of  tissue  in  ulcera- 
tions, and  with  the  formation  of  cavities,  and  said  the 
contradiction  which  seems  so  apparent  between  the  production 
of  new  tissue  and  its  destruction  is  not  real,  yet  is  it  very 
striking. 

He  recalled  the  cases  in  which  newly  formed  cells  are 
separable  and  mobile,  or  can  be  carried  in  a  stream  ;  also  the 
various  transformations,  normal  and  abnormal,  which  cells  may 
pass  through  as  they  multiply  and  develop  or  degenerate; 
as  in  bones,  especially  in  the  medulla,  which  is  often  nearly 
liquid,  and  is  sometimes  so  near  akin  to  pus  as  to  be  scarcely 
distinguishable.  He  said  (p.  529) :  "  Pus  is  for  us  a  young 
tissue  which  gradually  and  even  rapidly  multiplies  its 
elements  and  dissolves  the  intercellular  substance.  A  single 
connective  tissue  cell  can  produce  a  dozen  corpuscles  in  a 
very  short  time,  as  pus  cells  have  a  very  rapid  productive 
faculty.  But  the  result  is  for  the  organism  useless,  the  pro- 
liferation being  luxuriant."  The  pus  formation  is,  he  thought 
a  consuming  process  in  which  superfluous  parts  are  produced, 
which  do  not  induce  durable  consolidation  of  mutually 
beneficent  parts  and  tissues,  such  as  is  required  for  the 
maintenance  of  the  organism. 

He  reviewed  the  history  of  suppuration  in  respect  of  the 
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sources  of  the  pus  corpuscles,  whether  from  the  blood  or  the 
tissues,  i.e.  the  leucocytes  or  the  epithelial  or  the  connective 
tissue  cells ;  and  he  held  the  question  still  to  some  extent 
open  as  to  their  production  also  from  some  of  the  tissue 
elements  of  muscles,  nerves,  vessels,  or  connective. 

He  returned  to  the  question  as  to  the  beginning  of  suppura- 
tion from  the  exudations,  the  emigrated  leucocytes,  as  first 
described  by  W.  Addison  and  others  ;  and  he  thought  that 
in  any  case,  where  pus  is  being  formed,  there,  besides 
leucocytes,  we  find  also  evidences  of  cell-proliferations  from 
the  tissue  elements  of  the  part,  although  he  granted  that 
Waller  and  Cohnheim  have  shown  a  much  greater  numerical 
predominance  in  the  emigrated  leucocytes.  He  gave  full 
credit  to  Cohnheim  for  his  discovery  of  the  emigration  of  the 
leucocytes  through  the  vascular  walls  as  an  active  process. 

He  did  not  here  or,  so  far  as  I  know,  elsewhere  adequately 
distinguish  emigrated  leucocytes  or  intra-vascular  ones  from 
pus  cells  as  we  now  understand  them,  perhaps  because  at 
that  date  he  had  no  adequate  knowledge  of  bacteriology  or  of 
pyogenic  microbes.  He  maintained,  however,  that  not  all  the 
small  rounded  cells  found  in  an  exudation,  or  in  pus,  are 
derived  from  the  emigrated  leucocytes  or  the  lymph  corpuscles, 
but  that  some  come  from  the  tissue  elements  of  the  part  by  a 
cell-proliferation,  and  yet  are  pus  corpuscles. 

He  pointed  to  the  erosions  which  usually,  perhaps  always, 
attend  suppurations  on  free  surfaces,  and  the  greater  destruc- 
tion in  deeper  tissues,  and  held  that  the  pus  is  not  itself  a 
dissolving  material,  but  a  transformed  or  partly  liquefied  one, 
and  that  it  is  not  the  completed  pus  which  is  the  solvent,  but 
that  the  solution  was  the  outcome  of  the  transformation 
process  by  which  the  pus  had  been  produced. 

He  traced  the  formation  and  development  of  an  epidermal 
pustule,  and  saw  in  it  both  the  leucocytic  emigration,  and 
the  cell-proliferation  from  the  local  tissue  elements ;  and 
he  traced  similar  processes  in  mucous  membranes,  both  with 
and  without  erosions  or  ulcerations,  yet  always  with  some 
emigration  of  leucocytes,  and  also  with  some  local  cell-pro- 
liferations.    He  pointed  to  the  liquid    exudations   attending 
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these  processes  as  helping  to  the  escape  of  the  pus,  not  as 
its  source  or  fount  of  origin,  as  the  old  idea  was.  He  compared 
pus  corpuscles,  mucous  corpuscles,  and  proliferated,  often 
separated  or  modified  or  young  epithelial  and  other  cells,  and 
he  attempted  to  indicate  their  distinctions  in  the  exudations. 

He  said  (p.  535):  "The  elements  from  which  new  tissues 
develop  are  young  forms  of,  or  indifferent  formative  cells ;  but 
they  are  not  truly  pus  corpuscles  "  ;  and  again  :  "  The  youngest 
elements  which  are  produced  under  pathological  conditions 
cannot  properly  be  called  epithelial  cells,  at  least  not  typical 
ones,  but  rather  they  are  indifferent  formative  cells,  which 
can  also  become  mucous  or  pus  corpuscles.  Thus  pus, 
mucous,  and  epithelial  cells  are  pathological  equivalent  parts, 
which  substitute  each  other,  but  cannot  functionate  one  for 
the  other." 

He  granted  that  often,  but  he  did  not  say  always,  in  these 
cases  there  are  some  degenerative  or  regressive  changes  in  the 
focus.  He  dealt  with  such  degenerations  as  best  seen  in 
deeper  parts,  and  particularly  in  connective  tissues  and  their 
equivalents. 

He  traced  the  succession  of  changes  in  the  near  neigh- 
bourhood of  a  mechanical  irritation,  saw  therein,  first,  an 
enlargement  of  the  cellular  elements,  or  hypertrophy,  then  a 
proliferation  of  their  nuclei,  then  of  the  cells  themselves,  a 
hyperplasia.  These  cells  remain  small,  and  but  little  if  at  all 
developed,  but  are  locally  accumulated  ;  and  therewith  there 
comes  some  softening  of  the  intercellular  masses  and  infiltra- 
tion ;  and  the  relations  of  these  phenomena  to  the  emigration 
of  leucocytes  or  to  pus  formation  he  left  a  little  doubtful,  but 
he  was  certain  there  was  always  some  cell-proliferation. 

He  held,  however,  that  we  see  especially  well  where  the 
epidermis  is  intact,  and  at  the  periphery  of  the  focus  of 
irritation,  very  little  or  no  change  ;  but  in  the  central  parts  of 
the  infiltration  suppurative  changes  are  patent,  and  they  often 
end  in  pointing  and  bursting;  and  simultaneously  we  have 
presented  a  granulation  tissue,  with  soft  or  liquefied  inter- 
cellular substance,  and  various  numbers  of  small  rounded  cell- 
like bodies,  in  which  evidences  of  cell-division  are  not  constant, 
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or  not  equally  so  in  all  parts  of  the  focus  ;  but  nearer  to  the 
periphery  there  are  seen  what  he  called  true  pus  corpuscles, 
or  cells  not  distinguishable  therefrom.  The  product  gets  free, 
some  parts  are  destroyed,  the  pus  escapes,  and  an  ulcer 
results. 

He  insisted  that  ripe  pus  is  not  a  solvent  of  organic  tissues, 
such  as  bone,  as  he  says  surgeons  have  well  shown  ;  and  he 
imputed  absorbent  or  dissolving  powers  to  the  young  prolifer- 
ating granulation  tissue  out  of  which,  or  by  which,  the  pus  is, 
he  taught,  formed. 

But  he  was  concerned  about  the  difficulty  of  connecting  the 
progressive  processes,  such  as  are  seen  in  the  production  of 
a  granulation  tissue,  with  the  regressive  processes,  such  as  are 
seen  in  the  softening  above  mentioned,  and  he  tried  to  explain 
it  by  saying,  that  a  stage  occurs  in  which  one  cannot  with 
confidence  say,  in  a  focus  of  change,  whether  the  process  is 
one  of  growth,  or  of  the  development  of  a  destructive  hetero- 
plasia. 

He  urged  that  this  kind  of  development  of  a  heterologous 
new  formation  is  not  limited  to  the  pyogenic  forms,  but  is 
seen  also  in  every  other  heteroplastic  new  growth,  or  develop- 
ment, e.g.  in  the  carcinomata  and  in  the  sarcomata,  if  one 
observes  them  widely  and  in  their  earlier  stages  of  growth, 
when  the  cells  are  indifferent ;  although,  he  said,  they  can  and 
do  {I.e.,  p.  539)  "  later  differentiate,  each  in  its  proper  type, 
in  accordance  with  the  peculiarities  of  the  irritation  by  which 
they  were  set  up," 

This  is  one  of  the  few  instances  in  which  he  takes  verbal 
note  of  the  effects  of  particular  kinds  of  irritant  actions ;  and 
it  is  the  more  interesting  to  me  on  account  of  the  comparison 
he  makes  between  the  inflammations,  some  at  least  of  which 
are  specific  and  parasitic  in  their  etiology,  and  the  malignant 
tumours. 

He  traced  a  comparison  between  the  ulcerative  and  other 
regressive  changes  in  suppurations  and  in  cancers,  and  con- 
tinued the  study  into  the  growth  of  tubercle,  pointing  out  how 
erroneous  was  the  older  view  as  to  all  of  them,  but  especially 
the  last-named,  which  saw  in  the  products  of  degeneration,  e.g. 
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caseation,  the  characteristics  of  the  beginning  and  progress  of 
the  malady. 

He  called  attention  to  the  diverse  developments  and  dif- 
ferentiations of  different  new  formations,  in  relation  to  their 
ages  or  stages  of  growth,  and  durations  of  life,  but  without 
reference  to  their  etiology,  or  to  parasitism,  and  this  both  in 
suppurations  and  in  tumours;  and  he  pointed  out  that,  while 
some  tissue  elements  disintegrate,  others  multiply,  in  other 
parts  of  the  same  focus. 

He  denied  for  all  new  growths  or  inflammatory  products 
persisting  maintenance  in  middle  life,  as  he  calls  it,  of  parts 
which  have  a  liquid  intercellular  substance ;  and  he  said  even 
in  solid  growths,  as  in  cancers,  some  parts  die  and  disintegrate, 
while  yet  as  a  whole  the  tumour  lives  and  grows,  and  some 
of  its  cells  proliferate ;  though  in  some  new  growths,  as  in 
some  so-called  polypi,  the  whole  growth  seems  permanent 
and  durable. 

Most  new  growths,  and  inflammation  products,  even  though 
they  begin  at  a  point,  do  not  grow  and  extend  interstitially 
or  directly  from  it,  but  rather  by  development  of  other  new 
growths  of  the  same  type  at  or  near  the  periphery  of  the 
focus,  while  in  the  centre  of  the  focus  degenerative  changes 
occur,  often  admixed  with  some  fibrosis. 

Thus,  many  tumours  are,  he  considered,  as  a  whole,  com- 
plexes of  conjoined  smaller  new  growths,  more  or  less  grown 
into  one  whole,  composed  of  often  sub-miliary  new  growths, 
which,  whether  suppurations,  tubercles,  or  cancers,  each  sprang 
from  either  one  or  a  few  single  cellular  elements,  so  that  in 
all  these  cases  we  find  the  younger  growths  at  the  periphery, 
and  the  older  in  the  centre,  where  they  are  commonly 
degenerated ;  and  at  the  periphery  the  new  growth  extends, 
where  the  conditions  are  suitable,  in  a  zone  which  is  com- 
monly not  visible  to  the  naked  eye. 

A  local  infectivity  is,  he  held,  thus  shown  to  be  present  in 
tiiis  zone,  or,  as  he  called  it,  a  contagious  habit,  as  if  this 
were  an  intrinsic  faculty,  which  implies  that  he  thought  of 
the  production  in  the  focus  of  a  contagious  stuff.  Hence 
arises,   he   held,   the    surgical    need    for    wide    excisions    of 
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such  new  growths,  and  so  is  given  an  explanation  of 
the  lines  along  which  they  spread  most  easily,  e.g.  by  the 
lymphatics;  and  the  relatively  slow  spread  of  malignant 
growths  in  cartilage  or  fascia.  He  concluded  that  this  spread 
of  infection  is  mainly  by  abnormal  liquids,  in  which  he  was 
not  always  certain  that  cells  were  conveyed ;  yet  he  thought 
it  might  be  so,  though  sometimes  perhaps  otherwise  ;  yet  he 
held  that  the  infectivity  of  these  cases  strongly  upholds  the 
cellular  pathology,  and  that  the  local  structure  and  vascular 
and  lymphatic  distributions  in  the  part  affected,  enable  one 
to  foresee  the  lines  of  spread,  apart  from  any  consideration  of 
the  particular  characters  of  the  local  disease. 

He  reserved  an  open  mind  as  to  some  metastases,  yet 
inclined  to  the  view  that  a  frequent  mode  of  spread  is  by 
cells  in  currents,  while  granting  that  in  some  cases  the  spread 
is  against  the  current.  He  granted  the  possibility  of  a 
dissolved  or  liquid  contagious  material,  but  not  yet  the  proof 
of  it ;  referred  to  the  cases  of  infection  by  fragments  of 
tubercle,  but  was  hesitating  as  to  his  conclusions ;  yet  he  saw 
that  these  cases  do  not  show  any  dissemination  of  the  tubercle 
by  living  cells  of  it.  This  view  was  in  reference  to  Villemin's 
experiments  and  before  Koch's  discovery  of  the  tubercle 
bacillus,  and  he  took  no  account  of  a  possible  parasitism  by 
extrinsic  irritants. 

He  thought  the  older  view  of  the  parasitism  of  a  new 
formation  which  is  useless  to  the  organism  is  tenable  now. 
He  expanded  at  the  same  time  the  idea  of  parasitism,  so 
as  to  derive  it  from  the  normal  tissue  elements,  each  of 
which  is,  he  held,  in  a  sense  parasitic  in  the  body,  and  con- 
ceived it  as  possible  that  a  mobile  separated  connective 
tissue  cell  in  a  new  position  may  there  exist  and  nourish,  and 
act  as  an  entozoon.  He  held  that  the  idea  of  parasitism  is 
commonly  limited  to  that  which  involves  some  damage  to  the 
organism  affected. 

But  he  did  not  limit  his  conception  of  it  to  a  single  series 
of  new  growths,  and  he  included  with  it  all  the  formative 
responses  to  irritation,  especially  the  heteroplastic  ones,  or 
such  as  in  their  further   development   do   not   produce   any 
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results  serviceable  to  the  organism ;  nor,  indeed,  such  as  are 
harmless  to  it ;  and  he  held  that  every  new  formation 
begins  with  a  destruction  of  tissue  elements,  and  lives  as  a 
robber  upon  the  growth-materials  of  the  organism  affected ; 
so  that  in  this  sense  each  is  a  sort  of  parasite,  yet  is  it  not 
separated  from  the  normal  tissue  elements,  except  by  the 
damage  done. 

He  treated  of  "  the  form  and  nature "  of  pathological  new 
formations,  and  briefly  summarised  the  history  of  the  classi- 
fications of  new  growths,  and  criticised  them.  He  pointed 
to  the  coarser  physical  characters  of  new  growths,  and  their 
histology,  and  to  their  comparison  with  normal  tissues  and 
organs,  as  useful,  but  not  as  adequate  data  for  their  classi- 
fication. He  considered  "  the  form  and  nature "  of  the  new 
growths  in  their  relations,  meaning  by  the  "  form  "  the  anatomy 
of  the  morbid  products,  and  by  their  "  nature "  the  qualities 
or  conditions  he  called  malignant  and  benignant;  and  he 
traced  these  in  various  papillary  growths ;  but  for  him  "  the 
nature  "  of  a  new  growth  did  not  at  all  include  its  extrinsic 
etiology,  to  which,  indeed,  he  gave  very  little  attention. 

He  studied  with  care  the  various  papillary  and  other 
new  growths,  in  respect  of  the  evidences  of  carcinoma 
they  may  show,  mainly  as  an  anatomical  question  ;  he  did 
not  think  that  cancer  can  be  distinguished  by  the  characters 
of  the  epithelial  excessive  or  disorderly  productions  in  them  ; 
and  he  insisted  on  their  co-operation  or  conjunction  with  other 
and  deeper  tissue-growths,  apparently  involving  always  the 
fibrous  or  vascular  tissues.  He  held  that,  as  there  are  true 
simple  histioid  connective  tissue-growths  of  the  surface  in 
rounded  forms,  others  as  warts  and  papillomata,  so  there  are 
cancerous  growths,  such  as  cauliflower  growths  and  others, 
constructed  in  both  forms. 

In  regard  to  the  relations  of  "the  form  and  nature"  of 
new  growths,  he  recurred  to  tubercle,  and  studied  its 
history  in  the  works  of  Laennec  and  Bayle,  in  connection 
with  the  older  meaning  of  the  term  tubercle,  as  a  small 
swelling ;  and  also  with  tuberculous  infiltration,  in  con- 
nection with  caseation,  and  the  modes  of  its  production. 
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He  criticised  adversely  and  explained  the  so-called 
"  tubercle  corpuscles  "  seen  in  caseated  masses,  said  they  are 
all  dead,  but  they  sprang  from  pre-existing  living  cells  or 
nuclei,  and  that  in  such  a  caseated  mass  we  find  products  of 
a  degeneration  of  pus  cells,  lymph-gland  corpuscles,  and 
even  of  cancer  and  sarcoma,  with  the  so-called  tubercle 
corpuscles. 

Virchow  granted  that  the  greater  part  of  the  material  in 
a  so-called  tubercular  infiltration  is  really  an  inflammation 
product,  and  so  it  is  not  a  simple  true  tubercle,  thought  of 
as  a  small  swelling,  in  the  older  sense  of  the  word;  one  which 
Robin  has  shown  proofs  of  in  tubercular  meningitis,  in  which 
it  is  seen  to  be  constructed  of  cells,  is  a  true  new  growth, 
which  springs  from  connective  tissue,  grows  and  invades  the 
nearer  tissue  in  a  small  "  tubercle "  or  swelling  by  a  cell- 
proliferation,  with  modification,  the  cells  of  which  may  be 
small  or  large,  and  may  have  one  or  many  nuclei,  and  present 
all  stages  of  transition  from  normal  connective  tissue  cells 
to  those  which  compose  the  tubercle. 

In  its  development,  tubercle,  he  held,  stands  nearer  to  pus 
formation  than  to  the  higher  new  formations,  such  as 
carcinoma  or  sarcoma,  in  which  the  cells  and  nuclei  are  larger 
and  more  fully  developed.  At  first  it,  like  other  new  growths, 
is  more  or  less  vascular,  but  the  cells,  which  are  small  and 
not  durable,  so  collect  as  to  compress  and  even  close  the 
smaller  of  the  vessels,  not  the  largest,  and  in  the  centre  they 
die,  caseate  and  dry,  even,  it  may  be,  through  the  whole  focus. 

Herein  he  showed  a  continuous  relation  between  the 
beginning  and  progress  of  an  inflammation,  including  the 
formation  of  pus,  and  of  tubercle,  and  the  most  malignant  of 
new  growths  or  tumours ;  while  he  maintained  some,  perhaps 
important  distinction,  as  in  his  explanation  of  the  so-called 
infiltrated  tubercle,  between  the  results  or  products  of  such  a 
mixture  of  inflammation  with  tubercle,  and  the  growth  of  a 
simple  tubercle  ;  all  the  changes  being,  however,  in  his  view 
characterised  by  some  new  cell-proliferations,  and  all,  it 
would  seem,  caused  by  irritations,  which  were  not,  however, 
in  his  view  all  quite  alike.     The  larger  tubercular  masses  are. 
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he  held,  never  simple,  but  complex,  and  the  true  small 
tubercular  nodules  are  found  in  their  soft  vascular  peripheries, 
as  is  often  seen  in  a  brain. 

The  form  and  dimensions  of  a  tubercle  are,  he  taught,  due 
to  its  initial  growth  by  cell-proliferation,  with  early  degenera- 
tion and  death,  of  the  new  cells  derived,  he  thought,  from  the 
connective ;  their  arrangement  in  regard  to  each  other  in 
such  a  way  as  to  check  the  further  growth  of  the  small 
initial  mass,  and  in  part  so  as  to  occlude  its  smaller  vessels 
and  induce  the  regressive  or  degenerative  products  seen  in 
caseation. 

This  series  of  events  indicated  for  Virchow  what  he  called 
"  the  nature "  of  tubercle ;  and  this  term  had  apparently  in 
his  mind  no  relation  to  any  extrinsic  or  specific  irritant  cause, 
or  to  any  exact  etiology,  and  is  explained,  he  thought, 
adequately  on  anatomical  grounds. 

Caseation  he  held  to  be  the  regular  outcome  of  tubercular 
growths,  but  not  the  sole  one ;  as  it  may  be  replaced  by  a 
simple  fatty  metamorphosis  capable  of  resorption.  And  it  is 
seen  also  in  the  products  ot  other  morbid  processes,  such  as 
pus,  carcinoma,  sarcoma,  syphilitic  gummatous  swellings,  and 
certain  enlargements  met  with  in  enteric  fever.  It  is  a 
product  of  a  degeneration,  and  in  itself  cannot  always  show 
from  what  primary  morbid  change  it  began,  i.e.  whether  from 
a  tubercle,  a  tumour,  or  an  inflammation.  In  all  cases,  the 
diagnosis  must  rest  upon  that  of  the  earlier  developments  of 
the  new  growths  of  any  of  the  kinds  dealt  with.  Thus,  all 
these  pathological  new  growths  begin  as  cell-proliferations, 
after  some  irritations  not  specifically  distinguished,  and  have 
this  in  common ;  but  Virchow  did  not  identify  them  all  as 
responses  to  irritation,  or  as  inflammations,  on  that  ground. 

A  tubercle  therefore  is,  he  held,  recognisable  in  respect  of 
its  "  nature "  in  part,  not  by  its  degenerative  results,  but  by 
its  earlier  development  out  of  pre-existing  cells ;  and  this 
conclusion  he  applied  to  other  new  formations,  all  of  which 
have  some  conformity  with  their  physiological  types,  from 
which  we  can  draw  the  data  for  their  histological  classification  ; 
for  even  the  truly  heterologous  growths  have  physiological  types. 
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Tubercle,  then,  rightly  studied,  is,  he  taught,  seen  to  originate 
in  cell-elements  essentially  like  those  of  the  lymph  glands, 
and  it  is  therefore  a  "  lymphoid  new  growth." 

Pus  he  again  discussed  in  its  relation  to  leucocytes,  both 
intravascular  and  extravascular ;  and  he  recognised  the  typical 
conformity  of  the  normal  and  the  abnormal  cells ;  but  he  left 
it  an  open  question  as  to  what  is  a  leucocyte,  what  is  a  pus 
cell,  and  what  is  a  lymph  cell ;  and  no  wonder,  seeing  that 
pyogenic  microbes  were  then  unknown,  and  a  minute  histology 
of  these  cells  in  their  different  stages  and  seats  was  then  not 
adequately  studied. 

He  dealt  with  epithelial  tumours,  so-called  cancroids,  or,  as 
he  preferred  to  call  them,  epithelial  cancers.  He  denied  that 
they  are  solely  epithelial,  pointed  to  their  frequent  malignity, 
local  and  metastatic  ;  said  cancroids  are  inseparable  from  true 
cancers  by  any  anatomical  characters,  and  are  like  cancers 
connected  by  a  series  of  gradations  with  normal  forms  of 
epithelium,  as  may  be  seen  in  the  urinary  tracts,  between 
normal  benignant  tissues  and  apparently  homologous  or  be- 
nignant epithelioma,  and  in  the  most  malignant  ones.  So 
that  he  held  it  not  legitimate  to  think  of  carcinoma  as  specifi- 
cally heterologous  and  therefore  malignant,  or  of  cancroid  as 
consisting  of  homologous  hyperplastic  elements  and  therefore 
benignant ;  and  he  held  that  neither  form  of  new  growth  con- 
tained absolutely  heterologous  elements,  and  neither  of  them 
consisted  of  quite  benignant  normal  elements ;  rather,  a  series 
of  gradations  existed  in  both,  and  each  had  real  relations  with 
some  apparently  heterologous  epithelia  in  some  parts  of  the 
organism. 

Notwithstanding  the  conformities  of  these  new  growths  in 
which  epithelial  elements  are  contained,  the  characters  of  the 
varieties  are  such  as  can  be  recognised  by  the  distinctions  and 
heterologies  they  show,  when  compared  with  the  epithelium 
or  epidermis  near,  as  they  arise  from  or  in  close  connection 
with  the  connective  of  the  inner  parts  of  the  organ,  not 
solely  from  the  superficies.  In  this  way  he  conceived  that  a 
heteroplastic  production  of  epithelial  cell-elements  took  place 
in  cancroids — a  true  heterotopie  or  error  loci.     He  contended 


220  THE   INFLAMMATION   IDEA 

against  those  who  say  that  cancroids  all  spring  from  some 
epithelial  elements,  that  they  are  not  separate  in  this  regard 
from  cancers  ;  as  some  investigators  have  maintained  that 
the  latter  also  have  an  epithelial  origin  ;  and  to  this  he 
replied  that  a  primary  carcinoma  may  begin  in  a  lymph 
gland  or  in  a  bone,  or  in  a  brain,  or  in  places  or  tissues 
where  no  epithelial  tissues  proper  are ;  and  although  some 
pathologists  deny  this,  and  others  have  referred  the  beginning 
of  cancers  to  the  epithelial  or  to  the  endothelial  components 
of  the  lymph  vessels,  he  urged  that  this  view,  if  accepted, 
requires  but  a  very  small  further  step  to  reach  the  idea  of 
connective  tissue  cells  as  the  seats  of  the  beginning  of  cancer- 
ous growths.  While  reserving  on  these  points  a  confident 
conclusion,  he  held  fast  by  the  opinion  that  every  cancerous 
new  growth  is  a  primary  heteroplasia. 

He  recognised  great  difficulties  in  tracing  the  objective 
distinctions  of  the  various  forms  of  these  malignant  new 
growths,  and  he  thought  sharp  distinctions  not  present,  but 
only  gradations.  Remembering  that  in  cancers  the  epithelium- 
like cells  are  always  in  the  meshes  of  the  stroma,  he  concluded 
that  the  growth  is  not  a  simple  one,  that  it  is  not  a  true 
histioid  tissue,  but  is  an  organised  new  growth.  He  noted 
that  physiologically  the  significance  of  the  various  kinds  of 
these  neoplasms  differs  in  correspondence  with  the  abundance 
of  the  supply  of  growth-materials.  Thus,  pearly  growths  are 
nearly  dry  epithelial  swellings,  and  spread  only  slowly  and 
locally  ;  the  cancroids  spread  locally  slowly,  but  more  and  yet 
slowly,  affect  the  lymph  glands  ;  and  later  still,  are  sometimes 
metastatic.  In  the  cancers  proper  the  local  spread  is 
more  rapid,  and  the  metastasis  is  earlier  and  common, 
while  healing  is  only  local  or  rare  or  never,  as  is  indeed 
the  rule. 

He  saw  an  exception  in  tubercle,  in  regard  to  which  it  is 
shown  that  in  all  its  stages  and  phases  it  is  infective ;  but  he 
did  not  find  this  fact  very  important  in  its  relation  to  the 
other  "infective  new  growths"  in  which  the  early  stages 
of  new  cell-proliferation  are  the  infective  ones ;  and  thus,  he 
thought,  i'^  mdicated  either  a  transportation  of  cells  or  of  a 
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liquid  infective  stuff;  or,  though  he  does  not  seem  to  consider 
it,  of  an  extrinsically  derived  parasitic  irritant. 

So  also  the  tumours  more  closely  related  to  the  connective 
tissues  are,  he  held  more  benignant  when  harder,  and  less  freely 
supplied  with  liquid  growth-materials,  e.g.  the  lipomata,  the 
enchondromata  and  the  fibromata — and  are  more  apt  to  be 
malignant  when  softer,  or  more  nearly  liquid,  as  may  happen 
sometimes  in  all  of  them,  except  perhaps  the  lipomata. 

Thus  we  come  through  gradations  to  the  sarcomata,  which 
genetically  are  traceable  to  connective  tissue  cells;  and  in  this 
way  he  was  content  to  find  in  a  series  of  histological  gradations 
the  "  nature "  of  the  kinds  of  new  growth,  without  much 
reference  to  related  or  corresponding  differences  in  the  kinds 
of  irritant  actions  by  which  his  whole  theory  says  they  were 
initiated,  though  he  did  not  say  directed  or  misdirected. 
And  he  called  attention  to  their  local,  and  later  general, 
infectivity,  and  to  their  malignity. 

In  the  whole  series  of  new  formations,  he  said,  there  can  be 
no  doubt  that  for  each  a  physiological  type  exists  in  the 
affected  organism  ;  and  the  question  is  left  open  whether  they 
are  in  the  right  place,  and  whether  they  produce  where  they 
are  found  materials  which  are  to  their  immediately  neighbour- 
ing tissues  damaging  or  contagious,  or  have  any  irritating 
effects. 

§  38.  In  conformity  with  all  his  teaching,  Virchov^^  said 
(/.^.,  pp.  572-3):  "With  all  the  nev7  formations,  inflam- 
mations, and  tumours,  it  stands  as  it  does  with  plants. 
The  nerves  and  the  vessels  have  no  direct  influence  upon 
their  origin  or  development,  and  only  so  far  can  they  have 
an  indirect  efl'ect  as  they  help  to  an  afflux  of  grov^^th- 
materials,  for  they  are  quite  unable  to  determine  the 
beginning  of  the  growth  or  development,  or  in  any  direct 
way  to  modify  them."  And  again  :  "  A  pathological 
swelling,  or  tumour,  in  a  man  is  produced  in  the  same 
way  as  is  a  swelling  on  a  tree  in  the  cortex,  on  the  surface 
of  a  stem  or  of  a  leaf,  where  a  pathological  irritation  has 
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taken  place.  An  oak-apple  which  begins  in  consequence 
of  the  puncture  of  an  insect,  the  tuberous  swelling  which 
indicates  the  place  where  a  twig  has  been  cut  off,  the 
overwhelming  growth  which  covers  the  wound  where  a 
branch  or  stem  has  been  removed,  each  rests  upon  an 
abundant  and  rapid  cell-proliferation,  as  much  as  does  the 
growth  we  see  in  man  in  the  formation  of  a  tumour  or 
of  a  growing  tissue  or  part.  The  pathological  irritation 
works  in  each  case  exactly  in  the  same  way  ;  the  vegeta- 
tive relations  are  exactly  the  same  in  type  ;  and  just  as 
little  as  a  tree  at  its  cortex  or  its  leaf  can  bring  forth  a 
special  kind  of  cells  in  that  part  which  it  could  not 
otherwise  produce,  so  little  can  an  animal  body." 

He  insisted,  that  in  such  new  growths  in  plants  the 
constituents  are  those  of  the  parent,  often  concentrated 
and  in  excess,  as  is  seen  in  the  tannin,  resin,  and  gum, 
and  this,  he  held,  pointed  to  a  local  excess  of  the  juices 
due,  he  thought,  to  the  actions  of  the  irritant.  He  added 
(p.  573)  :  "It  requires  neither  nerves  nor  vessels  in  order 
to  initiate  such  an  excessive  intake  of  materials  by  the 
cells.  This  is  due  to  the  particular  actions  of  the  cells, 
which  attract  the  neighbouring  juices  to  themselves,  and 
then,  by  the  help  of  the  available  materials  present,  separate, 
fix,  and  use  them  for  proliferation  "  ;  and  he  ended  thus 
(p.  574)  :  "  And  thus  we  at  the  end  again  reach  the  same 
comparison  as  that  from  which  we  began,  that  is,  between 
the  animal  and  especially  the  human  body  and  the  plant. 
The  pathologist  gains  by  a  knowledge  of  botanical 
processes  very  valuable  points  of  contact  for  the  better 
comprehension  of  diseases  ;  and  before  all  things  he  will 
in  this  way  reach  a  conviction  of  the  truth  and  value  of 
the  cellular  theory.  There  exists  an  internal  unanimity  or 
conformity  in  the  whole  series  of  living  phenomena,  so 
that  even  the  very  lowest  organisms  or  parts,  often   serve 
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us  as  valuable  means  for  an  explanation  of  the  most 
developed  and  complex  ones.  For  often  in  the  simple 
and  minute  the  law  is  more  clearly  given  to  view." 

§  39.  The  Cellular  Pathology  is  therefore  a  general 
pathology,  and  in  it  Virchow  included  inflammation,  uses 
the  word,  and  has  the  idea,  although  he  does  not  strictly 
or  narrowly  define  it. 

What  is  the  idea  he  in  fact  exhibits,  and  how  far  in 
all  organisms  does  he  accept  it  as  extending  ?  He  held 
that  ontologically  inflammation  has  not  any  existence  as  a 
uniform  thing,  in  its  "  nature  "  difi^erent  from  others  ;  but 
that  it  is  a  particular  form,  or  series,  of  difi^erent  processes, 
which  he  did  not  describe  collectively,  or  even  separately,  so 
as  to  enable  the  series  to  be  thereby  recognised. 

However,  he  denied  separately  and  collectively  the  four 
cardinal  signs,  as  constants,  in  the  series  ;  but  said,  "  We 
cannot  think  of  an  inflammation  without  an  inflammatory 
irritation "  (/.^.,  p.  474) ;  so  that  here  he  gave  us  one 
constant,  and  gave  it  as  a  valuable  qualifying  term,  of 
diagnostic  significance.  Yet,  he  did  not  say,  or  mean,  that 
all  the  phenomena  induced  by  an  irritation  are  diagnostic 
manifestations  of  an  inflammation  ;  for  he  recognised 
other  responses  to  it,  both  normal  and  abnormal,  also  due 
to,  or  caused  by,  irritations  of  some  kinds,  without  any 
adequate  distinction  being  then  made,  of  the  various  kinds 
of  the  irritation,  or  of  the  responses  so  brought  about, 
such  as  separated  those  included  in  the  inflammation  from 
all  others. 

As  he  did  not  accept  the  concurrence  of  the  four  signs 
as  constant  in  inflammation,  nor  any  one  of  them,  even 
with  the  fifth  or  "  functio  laesa,"  as  manifesting  always 
the  thing  he  had  in  his  mind,  he  left  the  definition 
somewhat  open   in  these  regards. 

By  implication,  and  in  harmony  with  his  whole  explicit 
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teaching,  there  remained  as  a  constant  manifestation  in 
inflammation,  cell-proliferation  ;  but  this  he  did  not  limit 
to  inflammation,  or  hold  to  be  characteristic  of  it ; 
although  he  explicitly  connected  it  with  "  inflammatory 
irritation,"  perhaps  a  somewhat  question-begging  expres- 
sion, as  he  used  it.  He  employed  the  term  irritation 
very  widely,  for  the  initiation  of  both  normal  and 
abnormal  responses,  and  he  saw  in  all  of  them  changes  in 
the  living  cell  constitution,  and,  if  not  very  clearly,  yet 
he  saw  some  differences  in  the  kinds  or  degrees  of  irrita- 
tion, without  tracing  them  fully  either  as  to  their  origins 
or  their  consequences. 

He  divided  these  changes  in  the  cell-substance  and 
their  consequences  into  three  groups,  functional,  nutritive, 
and  formative,  all  present  in  inflammations,  though  not 
solely  in  them,  or  characteristic  of  them  ;  but  rather  as 
present  also  in  all  living  things  in  normal  and  in  patho- 
logical states,  and  all  fundamentally  intrinsic.  So  that  he, 
without  hesitation,  spoke  of  various  cell-proliferations  as 
due  to  irritations,  as  if  the  irritations  had  but  little 
influence  on  the  kinds  or  particular  characters  of  the 
responses  of  any  order ;  and  this  seems  to  have  led  to 
his  placing  together  in  one  and  the  same  category  many 
cell-proliferations,  which  most  pathologists  now  keep  very 
widely  separated. 

He  gave  a  statement  (I.e.,  p.  475)  of  what  he  meant 
by  "  inflammatory  irritation,"  and  the  way  in  which  it 
brings  about  the  inflammatory  responses  by  actions  upon 
the  cells  ;  he  dealt  a  little  with  the  sources  of  the  irritants, 
and  the  modes  in  which  they  affect  the  cells  ;  but  he 
•did  not  distinguish  clearly  between  these  responses,  and 
those  seen  in  a  simple  repair,  or  in  a  new  growth,  or  the 
other  responses  of  a  pathological  type,  which  yet  he 
distinguished  from  those  seen  in  inflammation  ;  although 
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such  responses  also  showed  cell-proliferations,  and  are 
also  often  damaging ;  and  he  did  not  distinguish  the 
various  responses  adequately  by  their  characters,  or  as 
related  to  the  irritant  actions.  He  dealt,  it  is  true,  with 
various  forms  of  inflammation,  but  mainly  in  relation  to 
the  intrinsic  faculties  of  the  tissues  in  which  they  occur  ; 
very  little,  if  at  all,  in  connection  with  the  kinds  of  irritations 
which  he  sranted  initiate  them. 

He  thought  the  tendency  to  which  we  are  led  by 
clinical  research  to  find  in  inflammation  a  single  anatomical 
definition  is  false  and  misleading,  and  hence  he  did  not 
attempt  to  formulate  even  a  provisional  one,  useful  as  it 
might  have  been. 

He  studied  carefully  neoplasms,  and  tumours,  in  con- 
nection more  especially  with  the  formative  reactions  to 
irritation  ;  but  he  did  not  separate  them  from  inflammatory 
ones,  nor  indeed  from  the  reparative  ones  ;  but  he  put 
them  all  together  in  connection  with  the  law  of  continuous 
development  of  cells  in  all  organisms.  He  included 
tubercles  with  neoplasms,  as  being  also  due  to  cell-pro- 
liferations, and  so  as  in  the  same  category  with  tumours  ; 
also  inflammatory  new  formations,  and  malignant  tumours 
such  as  cancers,  were  thus  connected  in  all  their  manifesta- 
tions by  cell-proliferations,  and  in  their  initial  causes  by 
irritations,  without  adequately  distinguishing  the  kinds  of 
these  latter. 

Granulation  tissue  was  for  him  largely,  not  solely,  an 
inflammatory  response,  and  less  markedly  a  reparative 
one  than  now  is  taught ;  but  in  any  case  it  was  always  a 
cell-proliferation  with  a  beneficent  development. 

He  studied  fissile  and  endogenously  produced  new 
formations,  in  their  relations  to  homologous  and  hetero- 
logous responses,  very  much  as  a  pathological  anatomist, 
in  regard  to  the  tissues  and  cells  out  of  which  they  spring, 
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but  very  little  as  an  etiologist,  or  in  connection  with  the 
kinds  of  irritant  actions  producing  them  ;  and  so  he 
connected  normal  and  abnormal  results  very  largely  on 
anatomical  grounds,  and  he  claimed  for  connective  tissue 
very  great  proliferative  and  regenerative  faculties,  with, 
however,  only  one  common  and  uniform  irritant,  and 
without  clearly  demanding  any  special  kind  of  it  for 
particular  kinds  of  new  growths  ;  but  for  many,  perhaps 
all,  of  the  so-called  malignant  and  infective  new  growths,  he 
required  that  the  irritant  actions  should  be  '■'■pathological'"  ; 
and  similarly  it  is  significant  that  for  inflammation  he 
demanded  an  "  inflammatory  irritation.'' 

Thus,  he  in  fact  recognised  three  kinds  of  irritation  : 
(a)  that  common  to  every  organism,  and  each  part  of  it, 
especially  well  seen  in  connective  tissue  and  in  epithelium, 
which  is  simple,  uniform  and  invariable,  and  appears  to 
resemble  the  stimulation  of  many  physiologists  ;  (J?)  that 
which  he  calls  "  inflammatory  irritation^''  characterised  mainly 
by  the  responses  seen  in  inflammation,  which  is  a  casual 
and  not  a  constantly  present  series  of  changes,  and  is  not 
uniform  in  its  kind  ;  but  he  does  not  adequately  describe  its 
varieties  or  its  nature  ;  and  (c)  that  which  he  calls 
'■'•  pathologicalirritation^'  which  is  followed  and  characterised 
by  new  growths,  either  malignant  ones,  or  their  nearer 
allies  ;  is  also  casual  in  its  incidence,  not  uniform  in  its 
kinds  ;  and  may  perhaps  sometimes  have,  been  a  factor  in 
the  production  of  some  of  the  non-malignant  new 
growths  ;  and  of  this  pathological  irritation  also  he  gives 
no  account  as  to  its  origin  or  nature. 

In  his  Inflammation  idea^  then,  "  inflammatory  irritation  " 
(J?)  was  a  constant,  even  if  {a)^  the  normal  and  undiflfer- 
entiated  irritation  or  stimulation,  be  included  in  it  ;  but 
it  is  only  an  occasional  event  in  a  normal  organism  ; 
and  also  cell-proliferation  he  held  to  be  a  constant  mani- 
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festation  of  it — only,  it  was  not  taught  as  specifically  or 
etiologically  related  to  the  "  inflammatory  irritation^'  or 
as  directed  or  misdirected  by  it. 

Thus,  although  these  two  were  for  him  constants  in  all 
Inflammations^  and  in  all  organisms,  yet  were  they  not 
separately,  or  together,  its  characteristics,  or  diagnostic 
indications,  because  they  also  in  some  forms  concur  in 
repair  proper,  and  in  some  tumour  productions,  even  in 
the  most  malignant  of  them.  With  this  proviso,  however 
explicitly  avowed,  that  in  repair  the  irritation  is  simple, 
uniform  and  invariable  in  all  parts,  in  tumour  formation 
it  is  "  pathological,"  and  in  Inflammation  it  is  "  inflam- 
matory," he  connected  Repair^  Inflammation^  and  new 
growth  in  one  large  category. 

As  these  distinctions  of  the  irritations  are  very  indefinite, 
and  even  rather  question-begging,  they  do  not  altogether 
satisfy.  If  Virchow  had  ignored  the  distinctions  here  so 
imperfectly  given  or  implied,  between  "  inflammatory 
irritation  "  and  "  pathological  irritation,"  the  cell-prolifera- 
tions consequent  thereon,  as  he  traced  them,  would  not 
have  served  to  distinguish  the  processes  of  tumour 
formation  from  those  of  inflammation  production  ;  nor 
would  any  other  of  the  observed  phenomena  have  so 
served  ;  and  we  should  have  had  thus  but  one  greater 
response  to  these  irritations,  of  the  formative  or  pro- 
gressive cell-proliferative  type,  which  would  have  included 
both  Inflammation  and  malignant  tumour  productions, 
but  not  those  of  a  Repair  proper,  in  which  the  irritation  is 
asserted  to  be  simple  and  uniform. 

Both  of  these  processes  of  response  to  peculiar  irritations 
are  pathological  ;  and  in  each  he  found  as  constants,  also, 
regressive  or  damaging  phenomena,  concurrently  with 
progressive  ones.  So  that,  in  Inflammation^  and  in  malig- 
nant tumour  formation,  he  had  in  the  same  general  idea. 
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which  included  abnormal  irritations  of  some  kinds,  some 
abnormal  cell-proliferations  constantly,  and  some  regressive 
phenomena  tending  to  degeneration  and  necrosis  ;  and  he 
had  thus  three  constants  in  the  greater  group,  which  con- 
tained Inflammations^  and  malignant  tumour  production. 

These  three  constants  were,  abnormal  irritation,  abnormal 
proliferation,  and  some  regressive  phenomena.  In  this 
group  he  included  tubercle,  then  not  known  to  be  of 
parasitic  etiology  ;  and,  were  it  accepted  that  the  malignant 
tumours  had  a  like  etiology,  these  also  would  in  his  view, 
so  far  as  any  observed  phenomena  went,  or  were  spoken 
of  or  known  to  Virchow,  be  included  in  an  intelligible 
Inflammation  idea  recognisable  by  the  three  constants  above 
mentioned. 

This,  his  Inflammation  idea^  could  be  manifested  in  all 
organisms,  and  would  be  an  important  part  of  a  general 
pathology  and  of  general  biology.  At  pages  524  and  525 
he  traced,  from  the  normal  to  the  abnormal,  cell-prolifera- 
tions with  modifications  in  accordance  with  the  conditions 
present  in  the  focus  ;  therefore  he  included  the  irritations 
as  factors  in  the  responses,  and  he  pointed  then  to 
hyperplasia,  to  cell-multiplications,  and  to  heteroplasia, 
as  phenomena  met  with  often,  but  especially  in  Inflam- 
mations and  in  tumour  formations,  which  thus  were  brought 
very  near  together.  At  page  529  he  gave  his  ideas,  in 
this  connection,  of  pus  formation  and  multiplication,  and 
said  it  is  luxuriant,  not  serviceable  to  the  organism,  but 
is  produced  by  a  cell-proliferation,  as,  indeed,  is  all  new 
formation  of  tissue  or  tumour  ;  but  he  did  not  refer  here  to 
the  kinds  of  irritant  actions,  or  their  relations  to  the  results 
spoken  of  ;  nor  did  he  adequately  explain  the  conjunction 
of  luxuriant  growth  with  regressive  changes,  or  correctly 
trace  the  production  of  pus.  At  page  c^'x,^^  I.e.,  he  separated 
young  indifferent  formative  cells  from  pus  cells  not  yet 
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tissue  cells  proper,  though  they,  he  thought,  may  become 
either  ;  and  at  p.  539  he  noted  that  he  thought  small, 
numerous,  indifferent  cells  are  similarly  produced  in  early 
stages  of  the  new  formation  of  carcinomata  and  sarcomata, 
just  as  in  pus  formation,  each  in  its  proper  type,  in  ac- 
cordance with  the  peculiarities  of  the  irritation  by  which 
they  were  initiated.  So  that  in  these  passages  he  brings 
very  closely  together  the  new  formations  in  the  Inflam- 
mations and  in  the  tumours,  so  as  to  make  a  real  separation 
of  them  very  difficult,  except  by  the  help  of  peculiarities 
in  the  irritation,  which  he  grants  in  general  terms,  but 
does  not  trace  out. 

His  study  of  central  degeneration,  of  caseation,  of 
necrosis,  in  tubercle,  of  peripheral  new  cell-proliferations, 
of  local  and  general  infectivity  in  Inflammations^  and  in 
tumours,  tends  to  closely  connect  all  these  responses  to 
abnormal  irritations  into  one  group,  and  to  justify  the 
view,  which  I  now  take,  that  his  Inflammation  idea  really 
included  all. 

See,  in  the  general  conclusion,  his  views  quoted  from 
pages  572,  573,  and  574,  which  show  that,  while  he  in  the 
cellular  pathology  included  all  organisms,  and  saw  in  the 
study  of  plants,  both  normal  and  abnormal,  advantages  for 
the  student  of  human  pathology,  he  studied  in  plants 
morbid  processes  going  on,  which  are  related  closely  to 
their  normal  structures  and  faculties  of  life,  and  are  very 
closely  analogous  to  processes  met  with  familiarly  in  man, 
such  as  Repair^  Inflammation^  and  tumour  formation  ; 
and  in  some  degree,  he  saw  in  these  two  latter  close 
relations  with  peculiar  irritations  not  quite  similar  in  kind 
to  those  which  accompany  normal  life  and  repair. 

He  in  all  this  saw  in  Inflammation  a  series  of  changes 
present  in  all  organisms,  a  series  important  in  general 
pathology,  and  he  connected  it  with  many  new  formations 
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or  tumours,  more  nearly  than  with  Repair ;  and,  in  some 
not  very  well  or  explicitly  stated  terms,  each  with  its  own 
peculiar  kinds  of  irritation.  Had  he  defined,  if  only  pro- 
visionally, his  Inflammation  idea  in  all  organisms,  he  would, 
I  think,  have  included  in  it  (i)  the  peculiar  irritations  of 
cell-substance,  (2)  the  cell-proliferative  or  progressive 
responses  thereto  which  are  not  beneficent  to  or  durable 
for  the  organism  affected,  and  (3)  the  various  regressive, 
degenerative,  or  necrotic  effects  or  sequences,  and  all 
three  as  constants  ;  but  not  perhaps  separately,  or  collec- 
tively, adequate  to  a  full  description  of  the  process  or  an 
explanation  of  its  nature  ;  yet  so  nearly  so  as  to  serve 
practically  as  a  sufficient  diagnostic,  even  in  the  cases  in 
which  the  irritation  was  cryptic. 

§  39.  I  will  next  briefly  notice  the  paper  by  Waldenburg 
in  Virchow's  Archiv  (1863),  in  which  he  studied  the 
question  of  Inflammation  or  its  equivalent  in  plants  and  in 
animals,  after  an  experimental  research,  as  well  as  after  a 
study  of  past  records  ;  and  he  concluded  thus  :  "Is  there- 
fore inflammation  possible  in  plants  }  Frankly,  if  we  attach 
value,  in  the  definition  of  inflammation,  only  to  the  conse- 
quences of  the  irritant  actions,  seen  in  the  disturbances  of 
the  tissues  and  in  the  inflammatory  swelling,  and  this 
independently  of  blood-vessels  and  nerves,  then  must  we 
attribute  to  plants  not  less  than  to  animals  the  liability  and 
the  faculty  to  suffer  inflammation."  As  he  strongly  held, 
and  gave  his  reasons  at  length,  that  blood-vessels  and 
nerves  are  not  essential  to  inflammation  in  the  higher 
animals  even,  and  that  the  process  is  met  with  in  tissues 
from  which  these  are  absent,  he  came  to  the  conclusion, 
that  the  constant  and  essential  factor  in  inflammation  is 
not  in  the  vascular  or  nervous  phenomena,  but  in  the 
cellular  ;  and  hence  it  is  met  with  in  plants  as  well  as  in 
animals  ;  even  although   in  the  vascular  parts  of  higher 
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animals  the  nervous  and  vascular  changes  are  so  obvious 
as  to  predominate  in  them.  His  final  position  thus  led 
him  to  refuse  to  accept  any  definition  of  Inflammation^  the 
terms  of  which  demand  the  exclusion  of  plants. 

To  this  I  would  add,  that  the  definitions  which  demand 
vessels  and  nerves,  also  exclude  a  large  group  of  non- 
vascular lower  animals  ;  and  these  have  already,  I  think 
on  sufficient  grounds,  been  shown  to  demand  inclusion 
with  the  other  organisms  that  suffer  Inflammation. 

Waldenburg  therefore  supported  the  contention  that 
Inflammation^  or  its  equivalent,  is  met  with  in  all  organ- 
isms. He  fully  accepted  Virchow's  general  doctrine,  and 
was  even  led  by  it,  possibly,  into  some  mistakes  ;  but, 
duly  and  fairly  judged,  and  having  regard  to  the  know- 
ledge of  the  day  at  which  he  wrote,  his  services  to 
general  pathology  were  very  considerable.  True,  his 
studies  did  not  include  the  lowest  animal  organisms,  and 
this  fact  has  been  noted  by  Metchnikoff  as  an  objection 
to  his  conclusions  ;  but  his  whole  doctrine  having  been 
founded  upon  the  cell  as  the  elementary  organism,  was 
sufficiently  comprehensive  to  include  all  organisms  ;  and 
he  did  not,  as  did  his  critic  on  this  point,  exclude  any. 

§  40.  Take  next  Paget,  whose  pathological  views  were 
not  specially  those  of  a  botanist,  or  of  a  comparative  zoolo- 
gist, and  who  was  not,  in  the  sense  that  Waldenburg  was, 
a  disciple  of  Virchow,  although  familiar  with  his  teaching  ; 
but  who  studied  pathology  on  a  very  broad  biological 
basis,  with  a  singularly  open  mind,  and  with  as  much  caution 
and  modesty  as  clearness  and  precision,  from  the  advan- 
tageous standpoints  of  clinical  experience  and  of  patho- 
logical anatomy  ;  and  who  was  thus  led  to  conceive  of 
the  position  of  Inflammation  in  general  pathology  as  not 
limited  to  some  organisms  only,  but  as  including  all  plants 
and  all  animals. 
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From  personal  conversations  with  him,  many  years 
since,  I  have  little  doubt  that  the  beginnings  at  least  of 
his  ideas  on  this  subject  were  laid  before  the  publication 
of  the  Cellular  Pathology  by  Virchow,  and  were  perhaps 
in  part  due  to  his  early  love  of  botanical  pursuits ;  but 
his  later  developments  and  teaching  were  in  general 
harmony  with  Virchow's  doctrines,  and  he  remained  to 
the  end  of  his  great  career  steadfast  in  his  convictions  on 
these  questions. 

In  his  Lectures  on  Surgical  Pathology  (1870),  although 
ever  careful  to  avoid  dogmatism,  and  to  give  due  weight 
to  all  the  phenomena  most  constantly  present  in  the 
higher  animal  organisms  which  then  were  mainly  under 
his  purview,  his  general  conclusions  and  tentative  defini- 
tions were  always  carefully  framed  so  as  to  be  compre- 
hensive of  all  organisms  and  to  exclude  none.  See 
his  reference  to  plant  galls  (/.^.,  p.  336),  where,  while 
dealing  with  the  influence  of  the  proper  tissues  of  the 
part,  and  the  altered  relations  between  them  and  the 
circulating  fluids,  as  important  if  not  essential  factors  in 
the  causes  of  inflammation,  he  says  :  "  And  though  with 
some  fear  of  straining  an  analogy  too  far,  I  believe  we 
may  gather  illustrations  of  the  same  principle  from  the 
formation  of  gall-nuts  and  other  morbid  outgrowths  from 
irritated  vegetable  structures.  Here  are  no  flowing, 
changing  nutritive  materials,  no  nerves,  no  vessels  that 
can  be  justly  compared  with  blood-vessels  ;  yet  local  and 
generally  long-continuing  injury  is  followed  by  a  defective 
maintenance  of  the  injured  structures  and  an  excessive 
production  of  less  perfectly  organised  new  ones,  in  as  near 
an  imitation  of  inflammation  as  seems  possible  in  materials 
and  conditions  so  unlike  as  the  vegetable  and  the  warm- 
blooded animal  structures." 

His  position   on  this   question  is,  however,   yet   more 
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emphatically  pronounced  in  his  Address  on  Elemental 
Pathology  (1880),  where,  at  p.  22,  he  says:  "Here  I 
believe  are  reasons  enough  for  regarding  all  those  galls 
and  gall-like  products  of  disease  generated  in  plants  by 
insects,  as  analogous  with  a  large  group  of  the  products 
of  inflammation  which  we  study  in  our  own  pathology  ; 
and  the  analogy  is  not  the  less  because  neither  group  can 
be  circumscribed  with  any  exact  definition."  How  close 
he  considered  this  analogy  to  be  is  shown  in  some  of  his 
expressions,  as  when  he  speaks  of  galls  as  "  inflammatory 
hypertrophies  or  hyperplasiae "  ;  and  again,  "  But  the 
likenesses  between  inflammation  in  plants  and  in  animals 
are  best  shown  in  their  visible  structural  changes."  Again, 
"  Of  course,  in  speaking  of  inflammation  in  plants  we 
must  be  nearly  limited  to  the  essential  parts  of  the 
process  "  ;  again,  after  remarking  that  heat,  redness,  pain, 
swelling,  and  disturbed  function  are  not  "  of  the  essence 
of  inflammation  even  in  ourselves,"  he  goes  on  to  say, 
"  For  the  elemental  pathology  of  inflammation,  as  for  that 
of  decay  and  repair  of  injuries,  we  must  study  the  altered 
relations  between  the  elemental  formed  parts  and  the 
varying  formless  materials  about  them,"  indicating  thus,  I 
think,  with  sufficient  clearness,  the  cell  as  the  seat  and 
subject  of  irritation  and  the  responding  thing. 

Again,  after  an  appreciative  reference  to  Waldenburg, 
he  says,  in  speaking  of  galls  and  other  cecidia  with  defor- 
mations of  parts,  "  all  produced  by  the  irritant  secretions 
of  insects,  and  all  such  as  may  justly  be  ascribed  to 
processes  of  inflammation."  Again,  speaking  of  these 
varied  morbid  structural  changes,  he  says,  "  I  think  we 
may  regard  the  whole  of  these  as  being  such  as  in  our 
pathology  we  should  call  inflammatory  hypertrophies  or 
hyperplasiae "  ;  and  he  goes  on,  "  There  is,  as  in  the 
products  of  our  inflammations,  a  general  likeness  among 
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these  new  structures,  whatever  be  the  part  of  the  plant 
from  which  they  are  derived,"  adding  in  this  connection, 
"  All  these  morbid  growths  have  their  origin  in  what 
may  justly  be  called  irritation  of  the  part  on  which 
they  grow." 

To  be  at  once  fair  and  accurate,  one  must  not  here 
read  into  Paget's  words,  and  his  use  of  the  term  inflam- 
mation, as  applied  to  plants,  more  than  he  really  intended, 
and  this  was  perhaps  only  that  in  plants  we  meet  with  an 
equivalent  of  typical  inflammation,  or  at  least  a  strictly 
analogous  process  ;  and  he  in  all  likelihood  employed  the 
word  inflammation  in  regard  to  them  as  the  best  available 
one  by  which  he  could  express  his  idea,  without  the  use 
of  a  more  cumbrous  and  lengthy  phrase  or  sentence. 

In  every  case,  then,  Paget  taught  that  Inflammation^  or 
its  equivalent,  was  met  with  in  plants  as  well  as  in  the 
highest  animals  ;  and  although  he  did  not  pursue  the 
observed  analogies  in  the  lowest  animals,  his  survey, 
resting  as  it  did  finally  upon  the  cell,  included  them,  and 
so  his  conclusions  were  such  as  comprehended  all  living 
organisms. 

He,  like  Virchow,  recognised  the  great  advantages  and 
the  strictly  logical  propriety,  in  the  study  of  complex 
processes,  of  pursuing  them,  not  only  in  their  most 
complex  manifestations,  but  also  in  their  simplest,  and  of 
connecting  them  all  in  one  field  of  comparison.  He 
pointed  out  that  in  plants  we  have  simpler  manifestations 
of  the  phenomena  of  Inflammation^  thought  of  as  responses 
to  irritant  actions  ;  he  indicated  the  analogies  of  these 
simpler  phenomena  with  the  more  complex  ones,  which, 
as  seen  in  the  higher  animals,  with  their  greater  complexity 
of  structure  and  function  and  increased  interdependence 
of  parts,  are  more  difiicult,  or  seemingly  often  even 
impossible,  to    unravel    in    any    other    way    than   by  the 
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adoption  of  the  comparative  method  in  general  pathology 
not  less  than  in  physiology. 

Thus,  he  claimed  and  exercised  the  right  to  consider 
Inflammation  as  a  process  to  be  studied  in  all  organisms, 
and  so  as  a  part  of  general  biology.  He  carefully  avoided 
the  error  into  which  so  many  pathologists  have  fallen,  of 
pursuing  the  study  by  comparative  methods  as  far  only 
as  the  results  attained  conformed  to  certain  preconceived 
theories  or  definitions,  otherwise  reached  ;  and  so,  while 
availing  themselves  of  the  facts  which  seemed  to  give 
support  to  these  theories,  as  freely  and  as  illogically 
rejecting  those  which  conflicted  therewith.  Rather,  he 
took  into  account  judicially  all  the  facts,  of  whatever 
tendency,  and  reserved  for  his  general  theory  those  only 
which  were  constant  in  all  cases  ;  and  he  placed  the  less 
constant  ones  in  their  true  relative,  that  is,  less  important, 
position  in  the  process,  as  a  whole,  in  all  organisms. 

In  all  this  he  stands  in  marked  contrast  with  Metchni- 
koff  and  his  school,  and,  alas !  with  too  many  other 
pathologists. 

Paget  recognised  fully  in  all  organisms  the  universality 
and  the  -necessity  of  the  faculty  of  Repair  of  injuries  as  a 
constant  and  a  normal  one,  its  relation  primarily  to  the 
cells  and  to  the  proper  tissues  of  the  part,  and  secondarily 
to  the  vessels  and  nerves  where  such  existed  ;  and  he  saw 
with  equal  clearness  the  relation  of  and  fundamental  de- 
pendence upon  this  normal  reparative  faculty,  of  the 
damaging  phenomena  in  the  responses  to  irritant  actions 
as  seen  in  inflammation,  whether  vessels  and  nerves  were 
present  and  operative  or  not. 

Thus  he  appreciated  even  more  clearly  than  did  Virchow 
the  real  connection  of  Repair  and  Inflammation,  as  one  in 
which,  in  spite  of  the  dependence  of  both  upon  the  same 
living    mechanism,    the    cell,    the    latter    antagonises    the 
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former  while  it  endures  ;  so  that  Inflammation  always 
implies  some  damage  to  the  organism,  is,  in  short,  a 
disease-process  ;  and  thus  he  avoided  Metchnikoff's  view, 
which  so  many  other  pathologists  have  also  held,  that 
Inflammation  itself  is  a  salutary  and   purposive  process. 

He  was  saved,  I  think,  from  this  too  common  con- 
fusion of  thought  by  the  wide  comparative  view  he  took, 
and  in  some  degree  by  the  results  of  his  study  of  plants, 
from  which  chiefly  he  seems  to  have  derived  the  correct 
ideas  he  held  as  to  the  need  for  a  certain  persistence  of 
the  irritant  actions  in  calling  forth  the  damaging  responses 
indicative  of  Inflammation  in  all  those  organisms  in  which 
it  has  been  found. 

§  41.  Although  certainly  less  explicitly  than  any  of  the 
three  names  above  given,  as  in  some  degree  supporters  of 
the  view  that  we  meet  with  Inflammation  or  its  equivalent 
in  all  organisms,  I  may  mention  here  Burdon-Sanderson, 
as  in  some  degree  implicitly  giving  to  it  support. 

In  his  article  on  "  The  Process  of  Inflammation," 
Holmes'  System  of  Surgery^  vol.  v.  (i 871),  he  says  :  "By 
the  process  of  inflammation  I  understand  the  succession 
of  changes  which  occurs  in  a  living  tissue  when  it  is 
injured,  provided  that  the  injury  is  not  of  such  a  degree 
as  at  once  to  destroy  its  structure  and  vitality."  It  is  a 
characteristic  merit  of  this  formula  that  it  is  compre- 
hensive enough,  so  that  it  neither  excludes  any  lower 
organisms  explicitly  nor  implicitly,  nor  any  tissues  of 
the  higher  ones.  True,  by  its  terms  it  does  not 
adequately  distinguish  between  Repair  and  Inflammation  ; 
but  then  it  is  to  be  borne  in  mind  that  it  is  not  given 
as  a  complete  definition  of  Inflammation  ;  and  its  merit 
even  in  this  particular  is  that  it  takes  cognisance  of  the 
truth  that  the  Inflammation  process  is  one  that  demands 
the  continued  life  of  the  parts  involved  in  it. 
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As  Burdon-Sanderson  in  other  passages  makes  it  clear 
enough  that  he  considers  that,  in  the  process  of  Inflam- 
mation^ if  not  by  the  process,  damage  is  always  done,  he 
in  this  way  does  implicitly  make  a  sufficiently  clear  dis- 
tinction between  the  vital  responses  which  effect  Repair^ 
and  those  which  antagonise  or  prevent  it,  and  so  are 
necessarily  associated  with   damage. 

In  effect,  his  formula  excludes  from  the  Inflammation 
process  only  what  have  been  often  called  the  direct 
regressive  or  passive  effects  of  injurious  agents  ;  while  it 
does  include  in  it  all  the  so-called  progressive  conse- 
quences of  "injurious  irritation  of  tissues,"  and  it  grants, 
if  only  implicitly,  that  these,  although  attended  with  cell- 
proliferation,  are  often  still  damaging  ;  while  it  also 
includes  as  factors  the  various  vital  responses  due  to 
vessels  and  nerves  present  in  the  higher  animals,  even  if 
not  constant  in  all  organisms  or  in  all  of  their  parts. 

This  comprehensiveness  of  his  formula,  which  goes  with 
a  certain  want  of  rigid  definition,  has,  I  think,  had  much 
to  do  with  its  qualified  but  wide  adoption  by  many 
systematic  pathologists,  at  least  in  this  country. 

True,  Burdon-Sanderson  in  this  article  does  not  deal 
with  Inflammation  explicitly  as  a  part  of  general  pathology, 
in  the  sense  in  which  I  here  use  the  term,  or  study  it  from 
the  standpoint  of  the  comparative  pathologist  as  did 
Metchnikoff,  but  directs  his  attention  mainly  to  the  steps 
of  the  process  and  to  their  inter-relations  as  seen  in  man 
and  his  nearer  allies  in  the  animal  kingdom,  using  when 
convenient  such  lower  animal  organisms  as  were  suitable 
for  the  research  ;  and  in  this  way  the  phenomena  which 
received  the  greater  share  of  his  attention  were  those 
vascular  and  nervous  ones  which,  as  a  consequence  of  the 
highly  specialised  structure  and  functions  of  the  organisms 
chiefly  studied,  seemed  to   predominate  in  the   processes 
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both  of  Repair  and  of  Inflammation^  in  them.  Yet,  even 
thus,  he  did  not  fail  to  recognise  the  truth  that  the  cell 
was  a  factor  not  to  be  ignored,  and  although  he  did  not 
speak  or  think  of  it  as  the  essential  one,  as  Virchow  did, 
he  attached  to  it  a  greater  importance  in  the  process  of 
Inflammation  and  of  Repair  than  did  some  other  patholo- 
gists of  that  day. 

Although  he  saw  in  Inflammation^  as  primary  and  even 
essential  factors  of  the  process  in  man,  a  disturbance  of 
nerves  and  vessels  first,  and  a  disturbance  or  irritation  of 
the  living  cells  as  a  secondary  factor  ;  yet  did  he  find  this 
latter  one  so  important,  that  he  was  able  to  say  {I.e., 
p.  789)  :  "  In  all  living  tissues  the  effect  of  Inflammation 
manifests  itself  in  a  modification  of  the  action  and  pro- 
perties of  individual  cells.  In  cells  which  form  part  of 
permanent  structures  the  protoplasm  increases  in  quantity 
and  becomes  more  or  less  contractile.  Subsequently  it 
is  converted  entirely  or  partly  into  young  cells  either  by 
cleavage  or  by  endogenous  germination." 

Virchow  might  have  written  this  passage.  The  con- 
clusions he  reached  were  come  to  from  a  study  of  the 
higher  animal  organisms  mainly,  yet  were  they  such  as, 
while  applicable  to  those  organisms,  were  not  expressed 
in  his  formula  or  in  any  other  part  of  his  article,  so  as 
to  imply  that  other  organisms  did  not  present  us  with 
analogous  processes,  the  possible  equivalents  of  the  actual 
typical  inflammation  he  studied  and  expounded. 

For  all  other  organisms,  animal  or  vegetable,  multi-  or 
unicellular,  he  takes  up  a  somewhat  neutral  position  ;  at 
least,  he  does  not  explicitly  or  implicitly  exclude  any.  So 
far  as  I  am  aware,  he  has  not  changed  this  attitude  in 
any  of  his  later  writings  ;  and  I  venture  to  rank  him, 
therefore,  as  one  of  those  pathologists  who  do  not  explicitly 
or  implicitly  deny  that  in   other    organisms    than    those 
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which  he  specially  studied  a  process  is  or  may  be  met 
with  which  is  an  equivalent  in  them  of  typical  inflamma- 
tion in  man,  even  although  its  manifestations  may  differ 
much,  and  then  may  correspond  to  the  structures  and 
endowments  of  the  affected   organisms. 

Further,  his  whole  teaching  urges  that  only  vital 
responses  are  characteristic  of  Inflammation^  that  all  the 
passive  effects  or  the  primary  regressive  phenomena  are 
outside  it,  or  only  indirectly  related  to  it,  and  that  in  the 
vital  responses  seen  in  Inflammation^  whether  these  are  pre- 
sented to  us  by  complexes  of  living  cells  such  as  vessels 
and  nerves,  or  by  cells  more  individually  responding,  and 
even  when  they  are  seen  in  progressive  phenomena,  such 
as  in  cell-proliferations  in  a  true  Inflammation^  they  are 
invariably  damaging  to  the  organism  in  which  they  occur  ; 
and  thus  that  they  are  in  a  marked  antagonism  to  a  true 
Repair  ;  however  much  the  series  of  changes  as  met  with 
in  nature  in  concrete  cases  may  overlap  or  be  commingled  ; 
so  that  the  regressive  and  the  progressive  phenomena  often 
may  seem  inseparable,  especially  in  the  more  chronic  forms 
in  which  the  "  injurious  irritation  "  endures  long  ;  and  the 
conclusion  thus  seems  certain,  that  in  his  "  Inflammation 
idea  "  proliferation  of  living  cells  or  parts  of  them  is  a 
common,  if  not  indeed  in  his  view  a  constant  factor. 

§  42.  That  out  of  the  writings  of  many  other  patholo- 
gists of  repute,  ancient  and  modern,  facts  and  opinions 
may  be  gathered,  which  also  go  to  support  in  some 
degree  the  idea  I  here  contend  for,  that  Inflammation  or 
its  equivalent  is  met  with  in  all  organisms,  there  is  no 
doubt  in  my  mind.  But,  as  enough  has  been  said,  I 
think,  to  show  that  it  does  not  stand  entirely  alone  and 
unsupported,  I  will  defer  any  further  references  to  other 
authorities  until  a  more  suitable  occasion  arises  for 
introducing  them  in   the  course  of  this   discussion. 
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Meanwhile,  I  now  venture  to  say,  that  all  organisms 
suffer  injuries  and  irritations,  and  respond  to  these 
respectively  by  Repair  and  by  Inflammation^  or  by  its 
equivalent,  whatever  that  equivalent  may  be  ;  and  that 
in  many  cases,  after  Inflammation  ends.  Recovery  begins 
and  goes  on.  I  anticipate  with  some  confidence  that  by 
taking  thus  into  one  field  of  view  all  living  things,  in 
regard  to  a  process  which  has  been  in  the  past  mainly 
studied  only  in  some,  the  conception  as  to  the  true  nature 
of  that  process  may  be  made  more  clear,  even  in  that 
form  of  it  which  has  been  most  studied,  viz.  typical 
Inflammation  in  man. 

That  some  different  line  of  approach,  or  method  of 
dealing  with  the  problem,  is  much  to  be  desired,  no  one 
can  doubt  who  has  realised  the  existing  diversities  and 
even  confusions  of  view  in  regard  to  typical  inflammation^ 
studied  as  it  has  been.  In  this  hope  I  adopt  and  contend 
for  the  following  conclusions  :  {a)  that  all  organisms 
suffer  normal  and  casual  injuries,  and  Repair  them  ; 
{}?)  that  all  suffer  also  "injurious  irritations,"  and  respond 
to  them  in  Inflammation  in  a  different  and  characteristic 
mode,  in  and  by  which  damage  is  done  to  the  responding 
organism.  Repair  is  not  effected,  but  is  retarded  or 
prevented,  during  and  in  the  measure  of  the  "  injurious 
irritation  "  ;  and  [c)  that  these  responses  persist  in  this 
mode,  until  at  length  in  many  cases  the  "  injurious 
irritations  "  and  the  responses  they  evoke  tend  to  diminish 
or  cease  —  usually,  if  not  always,  in  consequence  of 
changes  commencing  in  the  irritant  ;  and  Recovery  then 
begins.  Repair  dominates,  and  Recovery  can  then  be 
completed,  though  often  by  a  compromise  which  is  only 
more  or  less  efficient. 

§  43.  I  will  now  attempt  to  express  the  idea  of  inflam- 
mation in    all  organisms  as  it  is  here  understood,  so  as  to 
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include  what  has  been  spoken  of  above  as  its  equivalent 
in  the  same  expression  ;  but  in  all  the  various  mani- 
festations of  it,  always  maintaining  an  unbroken  and 
connected  series  of  events  between  the  typical  forms  and 
the  most  divergent  of  its  equivalents. 

In  making  this  attempt,  the  common  amid  the  variable 
will  be  sought  for,  and  it  will  be  assumed  to  have  been 
shown  that  the  more  common  or  constant  is  the  more 
essential  factor  in  all  organisms  ;  but,  variability  being 
also  a  very  common  character,  it  will  demand  and  must 
receive  adequate  attention. 

In  accepting  the  type  as  derived  from  man,  however, 
there  is  not  therein  included  an  acceptance  of  the  view 
that  all  its  most  typical  manifestations  are  to  be  found 
alike  and  equally  in  all  organisms  or  parts  thereof, 
although  equivalents  of  all  the  essential  factors  there  must 
be  ;  so  that,  although  in  organisms  not  provided  with 
vessels  and  nerves  it  is  idle  to  expect  to  find  obvious 
phenomena  indicative  of  vascular  and  nervous  actions, 
normal  or  disturbed,  yet  is  it  required  to  find  in  all  such 
organisms,  in  every  case,  their  equivalents,  in  a  due  supply 
of  growth-materials.  And,  as  in  organisms  which  are 
provided  with  blood-vessels  and  nerves  we  look  for  and 
find  also,  besides  the  vascular  and  nervous  manifestations, 
others  indicative  of  cell-proliferations,  though  then  they 
are  often  less  obvious  and  dominant  than  in  the  organisms 
not  so  provided,  these  are  then  to  be  regarded  as  the 
equivalents  in  them  of  the  cellular  proliferative  responses, 
so  much  more  obvious  and  dominant  in  the  non-vascular 
and  non-nervous  organisms  and  tissues,  especially  as 
they  are  seen  in  plants,  and  in  non-vascular  animals. 

Thus,  in  all  organisms  we  have  the  equivalents  of  two 
groups  of  phenomena  in  the  inflammatory  processes  of 
response  to  "  injurious   irritation  "  ;    that   is  to   say,   the 

16 
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vascular,  with  the  supply  of  growth-materials,  and  the  pro- 
liferative changes  ;  and  these  are  always  so  closely  related 
to  each  other  that  neither  ever  stands  quite  alone  ;  but 
the  two  are  rather  indissolubly  connected  as  parts  of  one 
whole  process. 

This  necessary  and  constant  association  is  seen  also  in 
the  pure  Repair  processes,  in  which  always  there  is  present 
a  cell-proliferation  or  its  equivalent,  and  also  its  necessary 
supply  of  growth-materials — that  is  to  say,  proliferation, 
and  circulation,  or  the  equivalent  of  either.  But  in  all 
organisms,  in  the  lowest  as  well  as  in  the  highest,  the 
former  is  the  more  constantly  observable  phenomenon  ; 
in  the  highest  the  latter  may  very  often  predominate  ; 
the  former,  however,  more  often  does  so  in  a  pure  Repair 
or  in  a  regeneration,  in  which  case  it  differs  from  an 
Inflammation  in  this  regard. 

As  in  normal  life,  in  nutrition,  growth,  repair  of 
waste,  and  in  reproduction  of  the  organism,  we  must 
necessarily  presuppose  a  due  supply  of  growth-materials, 
their  assimilation  and  distribution,  in  the  monad  as  in 
man  ;  and  as  these  are  inseparable  from  each  other  in 
health  and  in  disease  so  long  as  life  endures  ;  the  non- 
vascular organisms  and  tissues,  not  less  than  the  vascular 
ones,  can  neither  exist  nor  reparatively  respond  to  injuries 
nor  to  "injurious  irritations,"  nor  recover  afterwards, 
without  such  assimilation  and  distribution  of  suitable 
growth-materials  ;  therefore  they  are  both  rightly  assumed 
to  be  present  always,  even  when  they  are  not  all  obvious.^ 

I  pass  over  here,  as  not  demanding  a  separate  or  equally 
detailed  consideration,  that  stimulus  or  generally  diffused 

^  Here  is  perhaps  a  suitable  occasion  to  repudiate  Cohnheim's  idea  of 
the  constant  amid  the  variable  in  inflammation  ;  for  it  is  concerned  only 
with  the  changes  in  the  supply  of  growth-materials  or  of  the  circulatory 
apparatus,  and  it  ignores  the  cell-proliferations  which  in  all  organisms  are 
the  most  important  constants  we  can  trace  in  inflammation. 
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and  similar  uniform  irritation,  as  Virchow  considered  it, 
which  many  physiologists  assume  as  necessary  in  all 
normal  organisms,  without  myself  accepting  it,  though 
not  quite  willing  to  deny  it ;  but  seeing  that  it  is  sup- 
posed to  be  uniform  in  kind,  if  it  be  present,  and  is  itself 
not  variable,  as  are  the  irritations  which  induce  Inflam- 
mations and  tumour  productions,  I  will  here  speak  of  the 
reparative  responses  as  automatic  in  their  characters,  and 
as  intrinsic  or  not  directed  by  a  stimulus,  or  by  any  irritant 
actions. 

Thus,  although  the  cell-proliferative  responses  are  in 
many  of  such  cases  relatively  more  distinct  and  dominant 
than  are  the  circulatory  ones,  the  equivalents  of  these 
latter  are  yet  also  present  in  all  cases,  in  an  adequate 
amount,  both  in  health  and  in  disease. 

So  that  for  all  organisms  responding  to  injuries  and 
irritant  actions  as  living  things,  though  in  different  modes 
and  degrees,  according  to  their  structures  and  endow- 
ments, the  due  supply  and  distribution  of  growth- 
materials  for  cell-nutrition  and  proliferations  is  necessary 
and  constant,  so  long  as  life  endures.  Such  a  supply  is 
indeed  inseparably  associated  with  all  cell-proliferation, 
and  the  two  processes  mutually  influence  each  other  in 
modes  and  degrees  which  have  been  much  debated,  and 
are  not  as  yet  all  agreed  upon  ;  although  the  existence  of 
such  mutual  influence  is  accepted,  I  think,  universally. 

Examples  of  the  close  and  necessary  interdependence 
of  the  supply  of  growth-materials,  and  of  the  activity 
of  nutritive  growth  and  of  cell-proliferation,  have  been 
given  in  Section  II.,  dealing  with  plants,  and  they  are 
as  commonly  found  and  as  well  exhibited  in  animals. 

It  has  often  and  truly  been  said  of  the  lowest  organisms, 
especially  of  the  unicellulars,  that  they  move  without 
muscles,  feel  without  nerves,  digest  without  a  stomach. 
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and  so  on  ;  and  it  is  quite  as  true  that  in  them  a  circula- 
tion takes  place  without  any  special  circulatory  organs  or 
tissues  ;  and  were  this  not  so,  they  would  cease  to  live, 
to  grow  and  proliferate,  or  continue  the  species  ;  obviously, 
therefore,  they  could  neither  repair  injuries  nor  suffer 
inflammations. 

The  intimate  and  essential  connection  between  the 
supply  of  growth-materials  and  the  life  of  the  cell  is 
therefore  constant  and  necessary  for  the  persistence  in 
life  and  activity  of  each  of  the  component  cells  of  all 
organisms,  even  the  highest,  in  health  and  in  disease  ; 
so  that  the  presence  of  cell-proliferation  presupposes  an 
equivalent  of  circulation,  in  the  sense  of  a  supply  of 
growth-materials.  The  converse  of  this  seems  also  true, 
and  it  may  therefore  be  said  that  the  presence  of  a  circu- 
latory apparatus  presupposes  the  existence  and  activity  of 
its  component  cells,  with  all  their  faculties. 

§  44.  The  relations  existing  in  reparative  responses, 
and  in  the  damaging  or  inflammatory  ones,  between  the 
intrinsic  and  the  extrinsic  factors  involved  in  the  processes 
should  also  be  considered. 

In  the  study  of  Inflammation^  very  much  limited  as  it 
has  been  to  the  higher  animal  organisms,  the  vascular 
and  nervous  phenomena  have  naturally  received  a  large 
amount  of  attention,  at  least  proportionate  to  the  relative 
prominence  in  them  of  those  phenomena  ;  with,  as  one 
effect,  a  proportionately  reduced  attention  given  to  the 
structural  and  functional  responses  presented  by  the  cells 
and  tissues,  shown  often  in  abnormal  cell-proliferations  ; 
and  as  another  eifect,  a  wide  disposition  to  separate, 
sometimes  too  absolutely,  the  processes  of  response  to  a 
simple  injury  and  to  "  injurious  irritation,"  i.e.  of  Repair 
and  Inflammation.,  as  met  with  in  the  lowest  animal  organ- 
isms and  in  plants,  from  those  exhibited  in  the  highest, 
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and  in  them  chiefly  and  obviously  manifested  in  connection 
with  nerves  and  vessels. 

These  pages  will,  however,  have  been  written  in  vain 
unless  I  have  therein  given  sufficient  reasons  for  refusing 
assent  to  the  exclusion  of  any  organism  from  a  liability  to 
injuries,  and  from  a  faculty  to  repair  them,  as  well  as  to 
suffer  Inflammation. 

And,  if  we  do  include  all  organisms,  it  follows  that  the 
predominance  which  has  been  given  to  the  vascular  and 
nervous  phenomena  seen  only  in  some  must  yield  its 
dominant  place  ;  and  thus  only  a  due  share  would  be 
given  to  them  and  to  their  equivalents  ;  and  then  only 
can  the  real  relations  existing  between  the  reparative 
faculties  and  the  phenomena  met  with  in  the  damaging 
responses  to  irritation  be  set  forth,  so  as  to  be  duly 
appreciated. 

As  a  fact,  although  in  point  of  time  the  vascular  and 
nervous  phenomena  rightly  claim  precedence  as  having 
been  longest  studied,  and,  largely  on  this  ground,  it  is 
conceded  that  they  are  the  most  manifest  in  and  give  us 
the  typical  forms  ;  yet  is  it  also  true  that  they  are  either 
absent  altogether  or  are  only  represented  by  certain 
equivalents,  often  traced  with  difficulty,  in  a  very  large 
proportion  of  living  organisms.  They  are  indeed,  it  is 
well  known,  not  constant  in  all  organisms  ;  and  they  are 
less  constant  and  therefore  less  essential  than  are  the 
proliferative  responses  to  injury,  and  to  "  injurious  irrita- 
tions," in  Repair  and  in  Inflammation^  as  manifestations 
of  either  order  of  response,  when  all  organisms  are 
considered. 

Thus,  in  granting,  as  has  been  done  here,  that  Inflam- 
mation or  its  equivalent,  considered  as  a  process  sometimes 
met  with  in  all  organisms,  must  stand  in  an  unbroken 
series  of  events  connecting  the  diff^erent  essential  parts  of 
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the  process  in  all  organisms  with  the  old  and  accepted 
type,  it  is  not  thereby  granted  that  such  essentials  are  all 
to  be  found  in  the  more  obvious  nervous  and  vascular 
phenomena,  which  in  the  higher  animals  are  presented  to 
us,  to  the  apparent  exclusion  of  some  of  the  other  phe- 
nomena, present  both  in  the  highest  and  in  the  lowest,  to 
wit,  the  cell-proliferative  ones  ;  although  in  all  organisms, 
both  higher  and  lower,  the  equivalents  of  all  the  phe- 
nomena are  and  must  be  present,  in  every  focus  which 
responds  in  Inflammation. 

The  apparent  absence  of  some  of  the  cell-proliferative 
responses  in  a  typical  inflammation  in  vascular  organisms 
and  tissues  is  often,  perhaps  always,  due  to  some 
deficiency  of  observation,  or  to  a  too  exclusive  direction 
of  attention  to  the  more  obvious  vascular  phenomena. 

Rather,  it  is  here  claimed  that  the  phenomena  which  are 
universally  met  with  in  all  organic  beings,  and  are  most 
obvious  in  the  simpler  and  lower  forms,  have  a  greater 
value  and  significance  in  deciding  what  should  be  regarded 
as  constant  and  essential,  than  those  which,  although  very 
obvious  in  the  highest  and  most  complex  organisms,  are, 
if  not  absent,  reduced  often  to  an  obscure  trace  in  the 
lowest  and  more  numerous  ones  ;  and  the  most  constant 
phenomena  therefore  are  the  proliferative  responses  in 
Inflammation  in  all  organisms. 

So  regarded,  the  most  universal  among  the  responses 
to  a  simple  injury  or  to  an  "injurious  irritation"  are 
those  which  are  manifested  by  cell-proliferations  in  which 
the  necessary  equivalent  supply  of  growth-material,  though 
always  present,  is  not  an  exclusive,  and  may  not  be  an 
obtrusive,  phenomenon. 

That  this  conclusion  as  expressed  demands  some  modi- 
fication or  qualification  in  considering  unicellulars  I  grant 
freely  ;  but  I  need  not  here  go  further  than  say  that  in 
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them  the  proliferation  should  be  thought  of  as  being  of 
the  structural  units  of  the  cells.  But  however  important, 
and  even  necessary,  it  is  in  any  statement  of  the 
Inflammation  idea  in  general  pathology,  to  indicate  what 
its  manifestations  are,  and  how  it  is  to  be  recognised,  some- 
thing more  than  this  is  demanded  for  such  a  statement 
to  be  both  satisfactory  and  intelligible. 

So  far,  the  conclusion  reached  has  only  dealt  with  the 
most  constant  manifestations  seen  in  the  responses  to 
simple  and  massive  injuries  and  to  "  injurious  irritations," 
without  clearly  separating  these  two  from  each  other  ; 
and  it  has  said  for  both  that  some  proliferations  of  the 
structural  units  of  the  cells,  or  of  the  cells  themselves, 
or  of  the  tissue,  are  for  all  organisms  the  most  constant 
phenomena,  in  some  are  even  the  most  obvious  ;  although 
in  the  highest  they  are  often  so  much  obscured  by  the 
responses  due  to  nerves  and  vessels  as  to  be  then  less 
obvious,  and  have  thus  been  too  much  neglected. 

Some  attempts  should  therefore  here  be  made  to  explain 
the  origins  of  these  manifestations,  that  is,  their  causes, 
both  intrinsic  and  extrinsic,  the  effects,  reparative  and 
damaging,  the  real  relations  between  such  effects  and 
their  causes,  the  differences  in  kind  and  degree  met  with 
in  such  effects  of  both  orders,  reparative  and  damaging, 
and  the  fundamental  resemblances  also  present,  in  the 
midst  of  the  differences.  In  this  way  I  must  seek  to 
reach  also  the  causes  of  the  frequent  cessation  of  the 
process,  in  healing,  recovery,  or  death,  and  I  shall  have  to 
compare  and  contrast  Repair  and  Inflammation^  to  consider 
what  are  their  purposes,  if  any,  and  to  deal  with  Recovery 
after  Inflammation^  and  with  its  conditions. 

§  \\a.  Difficult  as  it  is,  I  must  however  attempt  to 
show,  for  the  etiology  of  Repair^  that  it  rests  upon  the 
evolved    reparative  faculties,  which  I  have  spoken  of  as 


248  THE   INFLAMMATION   IDEA 

intrinsic  in  all  organisms  and  as  acting  under  the  con- 
ditions of  a  present  defect  or  injury  of  some  kind, 
which  must  not  arrest  or  prevent  them  ;  at  least  this  is 
so  as  regards  casual  injuries. 

That  the  effect  of  or  response  to  a  simple  non-fatal 
casual  injury  is  always,  in  some  degree,  fitly  related  to 
the  organism,  or  its  part,  is  directed  and  measured  by 
it  and  by  the  defect  or  injury,  as  are  all  effects  by  their 
causes,  so  that  the  result  shows  always  relations  of  fitness 
to  the  organism,  and  to  its  defect  or  injury,  and  that  it 
may  be  thought  of  as  to  this  end  purposive,  is  also  to  be 
shown  ;  so  that  the  reparative  faculty  thus  can  be  traced 
back  in  evolution  to  the  law  of  survival  of  the  fit. 

Such  a  conception  does  not  demand  the  assumption  of 
a  physiological  stimulus  or  of  a  uniform  general  irritant, 
and  it  may  be,  I  think,  better  thought  of  as  automatic. 

§  \\h.  The  etiology  of  Inflammation  I  must  also  attempt 
to  show  as  a  much  more  complex  conception  ;  so  that  it 
necessarily  always  includes  as  factors  the  same  intrinsic 
evolved  reparative  faculties  constantly  present  and 
automatically  operative  ;  and  with  them  also  always  some 
extrinsic  irritant  factor  or  factors,  co-operating  in  the 
causal  actions,  always  through  "  injurious  irritation,"  and 
so  misdirecting  the  intrinsic  faculties  as  to  dominate  the 
responses  in  many  respects,  and  thus  to  determine  largely 
the  varieties  of  Inflammation  we  meet  with  in  nature. 
The  effects  of  this  more  complex  etiology  are  seen  in 
the  correspondingly  complex  responses  in  which  the 
evolved  intrinsic  reparative  faculties  as  misdirected, 
may  actually  damage  the  organism,  and  result  in  a 
product  which  is  fitly  related  to  the  irritant,  the  mis- 
directing agent,  and,  as  in  other  effects  of  causes,  is 
measured  by  it.  Such  responses  do  not  cancel  or  expel 
the  irritant,  but  rather  subserve  its  interest,  and  always. 
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although  carried  out  by  the  intrinsic  faculties  of  repair 
as  misdirected,  antagonise  repair. 

Such  a  faculty  to  respond  to  irritation  by  doing  damage, 
cannot  have  been  directly  evolved  by  a  survival  of  the 
fit ;  and  the  purpose  of  the  faculty,  however  derived,  can- 
not be  thought  of  as  salutary  to  the  responding  organism  ; 
but  rather  it  is  in  effect  fitly  related  to  and  purposive  to 
the  irritant  which  it  benefits  ;  and  it  cannot  be  fitly  related 
to  the  organism  which  it  is  harmful  to. 

So  long  as  both  the  factors,  i.e.  the  extrinsic  and 
intrinsic  ones,  above  mentioned  are  operative,  the  results 
are,  as  stated  above,  always  damaging  to  the  organism. 

§  44c.  In  this  complex  series  of  actions  and  reactions, 
the  prime  mover  may  rightly  be  considered  to  be  the 
evolved  intrinsic  reparative  factor,  and  the  perturbing  or 
interfering  force,  the  extrinsic  factor,  the  irritant,  in  all 
Inflammations  in  all  organisms.^ 

But,  if  from  any  cause  the  extrinsic  irritant  factors 
cease  to  dominate  the  response,  and  so  to  misdirect  it 
towards  a  relation  of  fitness  to  the  irritant,  the  intrinsic 
factors,  which  are  never  absent,  then  preponderate.  Recovery 
begins,  and  goes  on,  and  so  the  process  ends  in  a  form 
of  Repair. 

So  set  forth,  I  hope  a  sufficiently  clear  distinction  is 
shown  between  the  manifestations  of  Repair  and  of 
Inflammation.,  the  causes  and  the  effects  of  each  of  which 

^  It  is  interesting  here  to  recall  Strieker's  views  ;  see  his  Allgemeine 
Pathologie  der  Infectionskrankheiten,  1886  p.  112  :  "The  view,  on  the 
other  hand,  that  inflammation  is  a  reaction  which  leads  to  healing 
contradicts  fundamental  ideas.  That  inflammation  leads  to  healing  is 
comprehensible  if  the  patient  does  not  die,  as  it  lies  in  the  nature  of  the 
inflammatory  process  that  it  leads  to  a  recovery,  if  only  very  slowly  often. 
That  inflammation  is  a  reaction  which  follows  irritation  needs  no  proof. 
But  that  the  inflammation  itself  is  a  reaction  tending  to  healing  contains 
an  internal  contradiction,  such  as  he  would  make  who  urged  that  industrial 
over-production  is  a  restorative  of  the  normal  production." 
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are  shown  as  related  and  coequal  phenomena ;  and  thus 
are  explained  also  the  resemblances  and  the  differences 
which  they  present  to  us  in  the  responses,  whether 
they  are  progressive  or  regressive,  or  both,  whether 
dependent  more  on  the  intrinsic  or  on  the  extrinsic 
factors  in  the  etiology  ;  and  Recovery  is  also  thus  included 
in  the  conception.  Some  repetition  has  here  been  un- 
avoidable, and  I  trust  it  is  excusable  on  that  ground. 

This  conclusion,  that  the  process  of  Inflammation  is 
not  salutary,  or  its  products  fitly  related  to  the  responding 
organism,  is  in  conflict  with  a  now  widely  accepted  patho- 
logical teaching,  as  is  also  the  doctrine  that  the  beginning 
of  recovery  often  rests  upon  the  normal  changes  in  the 
irritant. 

This  idea  of  Inflammation  as  a  casual  disease-process  in 
all  organisms,  and  as  an  important  subdivision  of  general 
pathology,  is  in  harmony  with  the  provisional  definition 
given  at  p.  2.  of  the  address  "  On  Some  Diseases  of 
Plants,"  namely,  that  it  "  may  be  considered  as  a  reaction 
of  living  cells  to  irritation  "  ;  but  this  conclusion,  though 
valid,  I  think,  so  far,  will  demand  a  reconsideration  in  which 
due  account  must  be  taken  of  the  varieties  of  disturbances 
of  the  reparative  faculties  not  clearly  shown  to  be 
"injurious  irritations." 

My  view,  then,  still  is,  that  Inflammation  must  be 
regarded  as  a  casualty,  a  perturbation  of  repair,  in 
all  organisms,  and  always  during  such  a  perturbation, 
the  intrinsic  evolved  reparative  faculties  of  the  par- 
ticular organism,  or  the  part  of  it  affected,  persist  and 
are  active,  and,  although  adversely  conditioned  by  the 
extrinsic  irritant  actions,  are  yet  always  operative  in  the 
process,  and  are  often,  perhaps  always,  the  agents  by  the 
help  of  which  the  damage  is  in  part  done  in  and  by  the 
process. 
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Inflammation  being  in  this  way  thought  of,  it  is 
both  convenient  and  legitimate  to  speak  of  the  reparative 
faculties  as  exerted  in  each  organism  by  a  mechanism,  and 
to  give  to  this  the  name  of  the  automatic  reparator,  which 
in  the  last  analysis  is  the  cell,  but  intermediately  is  often 
the  tissues.  I  conceive  of  this  faculty  of  Repair  of  injuries, 
and  of  its  mechanism,  as  universal  and  necessary  in  all 
living  organisms,  as  having  been  really  evolved  in  obedience 
to  the  law  of  survival  of  the  fit,  and  as  always  and 
necessarily  beneficent  ;  as  being  both  in  thought  and  in 
fact  separate  and  distinct  from,  though  related  to,  its  casual 
perturbation.  Inflammation^  which  is  constantly  damaging ; 
and  so  cannot,  as  such,  have  been  directly  evolved  in 
obedience  to  the  same  law. 

Yet,  as  is  herein  shown  also,  these  separate  and  distinct 
things  are  necessarily,  closely,  and  mutually  related  to  each 
other,  so  that,  without  the  intrinsic  reparative  evolved 
faculties,  the  phenomena  manifested  in  Inflammation  could 
not  be,  any  more  than  they  could  be  without  extrinsic 
irritant  actions,  or  be  met  with  in  dead  cells  or  tissues. 

Such  damaging  responses  as  are  seen  in  Inflammation 
and  are  constant  in  it  are  etiologically  more  closely  related 
to  the  extrinsic  factor  than  to  the  intrinsic  one,  so  that 
the  varieties  of  Inflammation  we  meet  with  are  mainly 
dependent  upon  it  for  their  specific  characters,  although 
essentially  related  to  both  factors. 
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SECTION  V 

THE  INFLAMMATION  IDEA  IN  GENERAL  PATHOLOGY,  STUDIED 
SO  AS  TO  SHOW  ITS  SEPARATION  FROM  REPAIR  AND 
FROM  ALLIED  PATHOLOGICAL  IDEAS,  AND  TO  AFFORD 
THE  BASIS  OF  A  DEFINITION  OF  IT,  THE  MUTUAL 
RELATIONS  OF  ITS  ESSENTIAL  FACTORS,  ITS  GRADES, 
VARIETIES,  AND  DISTINCTIONS  FROM  SUCH  OTHER 
PATHOLOGICAL  PHENOMENA  AS  ARE  OFTEN  ASSOCIATED 
WITH    IT,    BUT  ARE    SEPARABLE  ON    ADEQUATE    GROUNDS 

§  45.  The  mechanism  of  Repair  is  thought  of  here  as  an 
evolved  one,  and  as  resting  finally  upon  the  automatic 
reparator,  that  is,  the  cell  and  the  cell-complexes.  Physio- 
logically, it  is  universally  necessary  in  all  living  organisms, 
and  it  is  that  which,  founded  on  the  faculties  of  nutrition, 
repair  of  waste,  functional  and  other,  enables  an  organism 
to  assimilate,  grow  and  multiply,  that  is,  to  live. 

Through  these  reparative  processes,  in  which  the 
structural  units  of  the  cells  proliferate,  as  well  as  also  the 
cells.  Repair  takes  place  of  massive  injuries  of  cells,  tissues, 
or  organs,  both  those  of  normal  and  of  casual  origin  ; 
and  the  step  is  but  a  small  one  from  the  former  to  the 
latter,  which,  though  not  constant,  are  so  frequent  that 
their  Repair  is  necessary  for  all  organisms. 

The  mechanism  through  and  by  which  such  Repair  is 
effected  is,  or  is  contained  in,  the  cell,  which  is  its  simplest 
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expression  ;  so  that,  although  a  simple  cell  can  and  does, 
especially  as  may  be  seen  in  unicellular  organisms,  Repair  a 
wound  or  restore  a  loss  by  proliferations  of  its  structural 
units,  it  can  only  do  so  when  its  own  mechanism  as  a  cell 
is  approximately  in  a  normal  or  complete  condition,  that 
is  to  say,  when  it  retains  in  a  due  proportion  its  essential 
elements  of  nuclear-plasm  and  cytoplasm  ;  and  so  far  as 
is  now  known,  neither  of  these  essential  constituents  of 
a  cell,  alone,  can  Repair  a  massive  injury  of  it,  even 
although  it  would  seem  probable  that,  of  the  two,  the 
nuclear-plasm  is  the  more  important,  yet  it  is  not  shown 
that  it  alone  is  competent  ;  and  it  is  well  known  that 
cytoplasm  alone  cannot  do  so,  even  although  a  mass  of 
it  may  actively  move  about  for  a  while,  restore  a  sort 
of  normal  film  at  an  interrupted  surface,  and  even  present 
an  outward  form  not  much  unlike  that  of  the  original  cell.^ 

We  cannot  therefore  regard  the  proliferative  attri- 
butes of  the  structural  units  of  a  cell,  apart  from  the 
whole  of  which  they  are  parts,  as  indicating  that  they 
represent  the  elementary  mechanism  of  Repair. 

For  this,  we  must  come  to  the  whole  living  cell  itself, 
the  elementary  organism,  the  true  "  automatic  reparator." 
This  is  never  absent  in  any  organism,  and  in  the  most 
complex  compound  organisms  it  is  always  in  them,  during 
a  Repair  of  massive  normal  or  casual  injuries,  the  effective 
agent  ;  and  it  manifests  this  faculty  in  cell-proliferations 
and  developments,  demanding  only  adequate  supplies  of 
growth-materials  and  normal  life-conditions,  in  the  re- 
sponses to  normal  and  to  casual  injuries,  and  equally 
also  to  "  injurious  irritant  actions." 

^  In  this  conception  of  the  cell  I  ignore,  without  prejudging  the  question, 
cells  without  nuclei  or  some  equivalent  thereof,  and  deal  only  with  cells 
of  which  we  have  objective  knowledge.  Undifferentiated  portions  of 
protoplasm,  real  though  they  may  be,  are  not  included. 
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§  45<3.  Parenthetically,  here,  in  connection  with  the 
idea  of  Repair  as  an  evolved  necessary  constant  faculty 
of  all  living  organisms,  and  intrinsic  in  them,  it  is  of 
interest  to  recall  the  fact,  to  which  Paget  drew  attention, 
that  crystals  also  Repair  injuries — at  least,  they  attempt  to 
restore  an  injured  or  a  defective  normal  form. 

However,  accepting  this  statement  without  reserve,  and 
even  adding  thereto,  as  a  related  one,  that  in  them  also 
the  process  of  Repair  is  sometimes  perturbed,  as  may 
be  seen  when  the  mother-liquor  contains  some  colloid 
material,  it  is  felt  to  be  quite  as  justifiable  as  it  is  needful, 
to  accept  a  great  and  sufficient  break  between  the  non- 
living crystal  and  the  living  cell,  and  to  deal  here  only  with 
the  latter  in  speaking  of  Repair  and  of  its  perturbations. 

For  me  it  suffices  to  say,  that  although  a  crystal  grows 
and  may  partially  Repair  some  injuries,  and  even  multiply, 
it  differs  from  a  living  organism  in  that  it  can  begin  de 
novo  in  its  mother-liquor,  without  any  previously  present 
crystal  of  the  same  kind,  and  that  in  a  similar  way  it  often 
multiplies  ;  while,  until  abiogenesis  is  proven,  we  cannot 
say  as  much  of  a  living  cell,  as  to  its  beginning  or  its 
multiplication.  The  cell  lives  and  dies  ;  the  crystal  does 
neither,  in  any  proper  or  accepted  meaning  of  the  words. 

§  /\.^b.  Consistently  with  this  view,  we  find  that  in  dif- 
ferent organisms  the  mechanisms  of  Repair  present  us  with 
diverse  structures  and  faculties  ;  and  in  fact,  although  in 
them  all  the  living  cell  is  always  a  constant,  it  is  so  variously 
arranged,  associated  and  endowed,  that  we  find,  as  in  man, 
the  nervous  and  vascular  cell-complexes  very  prominent 
factors  in  the  process  of  Repair  ;  and  in  the  plant  and  in 
non-vascular  animals  these  are  so  little  prominent  as  even 
to  seem  absent,  without  equivalent,  when  the  search  is  not 
very  carefully  made. 

The    mechanism    of    the    automatic    reparator    in    all 
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organisms  is  then,  although  it  always  rests  upon  the  cell, 
very  diverse  in  structure  and  faculty  ;  and  in  the  same 
organisms  it  is  not  the  same,  even  in  these  regards,  for 
all  of  its  parts.  Some  cells  or  some  cell-complexes  called 
tissues,  as  in  man,  are  in  this  regard  very  highly  endowed, 
as  we  see  in  the  vascular  connective,  and  in  the  epithelial 
tissues,  and  in  vascular  plants  in  the  great  cambium  and 
its  allies.  And  conversely,  in  the  more  complex  and 
highly  specialised  organisms,  some  parts  or  tissues, 
chiefly  those  with  very  special  functions,  are  much  less  so 
endowed,  or  it  may  be  in  some  cases  seem  not  at  all 
so,  as  perhaps  in  ganglion  cells,  at  least  in  some  animals. 
Notwithstanding  this,  it  remains  true  that  all  living  cells, 
not  so  specially  diff^erentiated  or  not  yet  quite  mature, 
retain  in  some  degree  a  reparative  faculty,  shown  in  an 
aptitude  to  proliferate  either  their  structural  units,  or 
themselves,  or  both. 

These  considerations  justify  the  conviction,  that  the 
faculty  of  Repair^  as  well  as  the  mechanisms  by  which  it  is 
exerted,  has  been  evolved  in  accordance  with  the  law  of 
survival  of  the  fit,  not  only  in  regard  to  the  repair  of 
waste  and  of  a  normal  injury,  molecular  or  massive,  but 
also  in  regard  to  the  Repair  of  a  casual  injury,  if  only 
it  be  frequent  enough  to  constitute  a  material  danger 
to  the  survival  of  the  species. 

§  45c.  In  nature  there  can,  I  think,  be  little  doubt 
that  the  most  frequent  of  the  casual  injuries  are  the 
traumatic  ones  ;  and  these  are  commonly  more  promptly 
and  efliciently  repaired,  if  the  process  of  Repair  is  not 
perturbed  by  other  influences  capable  of  producing  an 
"  injurious  irritation,"  which,  when  they  occur,  are  mostly 
parasitic  in  origin,  and  the  manifestations  of  which  are 
the  most  specific,  characteristic,  and  instructive  of  the 
responses  seen  in  Inflammation. 
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It  is  not  here  intended  to  imply  that  the  mechanisms 
by  which  to  so  large  an  extent  in  the  higher  animal 
organisms  casual  injuries  are  repaired,  are  specially  evolved 
and  endowed  for  this  purpose  only  ;  and  it  is  only 
desired  to  point  out  that  the  cells  or  cell-complexes,  the 
vessels  and  nerves  in  such  organisms,  possess,  as  one  of 
their  intrinsic  functions,  that  of  contributing  in  an  im- 
portant degree  to  such  Repair  ;  even  such  as,  in  some 
ways  at  least,  may  give  to  them  some  superiority  in 
the  velocity  of  their  repair-processes  over  other  organisms 
not  so  provided. 

This  may  be  seen  in  the  frequently  greater  velocity 
of  these  processes  in  them,  and  in  the  more  effective 
modes  by  which  they  appear  to  cancel  or  efficiently 
deal  with  some  intrinsic  hindrances  to  Repair^  such  as 
blood-clots  and  tissue-debris  in  wounds,  crushes  and 
bruises.  In  the  end,  however,  it  is  not  clear  that  in 
these  higher  organisms  the  final  outcome  of  Repair  is 
more  perfect  than  it  is  in  the  lower  ones,  even  if  it  be 
more  rapid. 

The  mechanisms  vary  in  different  organisms  and  in 
their  parts,  and  the  modes  of  working  may  differ  ;  but 
in  all  cases  the  result  is  so  efficient  that  the  organism 
benefits,  and  the  part  persists. 

§  45^.  Although  it  is  true  that  in  the  higher  vascular 
and  nervous  organisms  the  hindrances  to  repair,  which 
themselves  seem  to  result  from  their  greater  complexity 
of  structures  and  the  closer  interdependence  of  their 
parts,  are  more  promptly  and  perhaps  more  effectively 
dealt  with  by  solution  and  absorption,  and  also  by 
phagocytic  processes,  as  well  as  in  other  modes,  than 
they  are  in  the  lower  organisms,  and  especially  than  in 
plants,  in  which  these  passive  remnants  of  the  injury  are 
usually  only  encapsuled  ;   yet  is    it  also    true    that   such 
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inclusions  are,  at  least  in  plants,  more  inert  and  harmless, 
so  that  the  cell-proliferations  and  differentiations  which 
follow  in  them  are  still  adequate  for  the  required 
efficient  repair. 

Here  I  may  note  incidentally  that  in  plants  it  is 
especially  observable,  that  dead,  inert  masses  of  tissue 
quite  normally  occur  as  inclusions — as  witness  the  heart- 
wood  of  trees,  which  may  and  indeed,  I  think,  does,  even 
in  this  state,  contribute  somewhat  by  its  mechanical 
support  and  otherwise  to  the  welfare  of  the  whole 
organism  or  colony. 

Moreover,  in  the  lowest  organisms,  including  some 
plants,  in  which  a  definite  circulatory  apparatus  is  not 
developed  so  as  to  rapidly  convey  moving  liquid  cur- 
rents, in  which  also  often  cells  themselves  are  carried, 
a  process  of  Repair  is  represented  often  by  an  equiva- 
lent only  of  molecular  currents  ;  and  we  find  the  cell- 
proliferations  with  development,  on  the  lines  of  the 
injured  organism  or  its  part,  as  well  marked  and  efficient 
for  the  regeneration  of  lost  parts  as  in  the  highest 
vascular  organisms.  This  would  seem  for  them  to  fully 
compensate  for  any  relative  deficiency  of  speed  in  some 
of  the  processes  of  Repair,  due  to  their  imperfectly 
developed  vascular  structures  or  their  equivalents.  See 
the  well-known  superiority  of  regenerative  attributes 
among  the  lowest  animals,  and  in  almost  all  vegetables, 
shown  by  the  reproduction  of  lost  organs  or  members, 
and  especially  well  shown  in  plants,  in  the  common 
modes  of  propagation  by  cuttings,  even  when  these  are 
of  very  small  sizes,  if  the  cultivation  conditions  are 
suitable. 

§  45^.  In  this  way  considered,  the  general  expression 
reparative  faculty  must  be  held  to  include  that  of  re- 
generation of  a  tissue  or  an  organ,  the  reproduction  of 

17 
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lost  members,  and  sometimes  even  of  a  perfect  complex 
organism,  as  in  the  growth  of  adventitious  buds  from  a 
callus. 

For  this  reason  I  will  here  consider  the  essential 
relations  of  Repair  and  of  regeneration.  The  ultimate 
mechanism  of  the  automatic  reparator  is,  as  has  been  said, 
in  every  case  contained  essentially  in  the  cell,  the 
elementary  organism,  when  we  have  under  consideration 
Repair  in  all  organisms  ;  and,  however  important  some- 
times the  nervous  and  vascular  organs  may  be  as  parts  of 
it  in  those  organisrfis  in  which  they  are  developed,  they 
cannot  be  essential  for  all  organisms,  seeing  that  many 
have  them  not ;  and  on  the  other  hand,  as  there  is  no 
organism  in  which  the  living  cell  is  not  either  the 
organism  itself,  or  an  essential  and  constant  part  of  it, 
and  of  every  tissue  and  organ  in  it  ;  for  the  Repair  of  all 
organisms,  the  living  cell  is  the  one  constant  in  the 
mechanism,  and  it  is  demonstrably  present  in  all  cases. 

The  reparator  is,  I  prefer  to  hold,  automatic  in  its 
actions,  that  is  to  say,  the  need  for  Repair^  the  injury, 
having  arisen,  is  its  sufficient  condition  precedent  ;  this 
being  present,  the  reparator  operates  intrinsically,  directly, 
and  necessarily,  without  demanding  an  intervening 
physiological  growth-stimulus,  or  enzyme  ;  and  such 
prompt  reaction  following  automatically  and  immediately 
the  very  slightest  injuries,  such  as  those  of  functional 
waste,  effaces  or  Repairs  them  without  obvious  break 
of  structure  or  of  function  ;  and  all  this  necessarily,  if 
nutrition  and  life  persist  in  the  part,  also  in  the  cases  of 
a  massive  injury,  normal  or  casual. 

Such  an  automatic  action  of  the  mechanism  and 
faculty  of  repair  obtains  both  in  normal  nutrition  and 
in  casual  massive  injury,  attended  with  a  breach  of  con- 
tinuity and  a  loss  of  parts,   or,  as    it    is  often    called,   a 
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defect ;  but  its  action  is  manifested  then  always  in  a 
structural  unit,  or  a  cell-proliferation  and  development, 
attended  with  an  adequate  co-ordinated  supply  of  growth- 
material — enough  and  not  too  much  ;  and  the  product 
is  then  always  beneficent  to  the  organism,  and  yields 
an  approximate  restoration  of  the  defect  or  loss  ;  so  that 
it  is  efficient,  persists,  and  can  functionate  more  or  less 
perfectly. 

In  quantity,  the  product  is  related  to  and  proportionate 
to  the  defect,  but  in  quality  it  is  determined  by  the 
intrinsic  faculties  of  the  reparator  itself,  which,  as  has  been 
said,  is  not  alike  in  all  organisms  or  parts  thereof,  except 
that  in  all  the  living  cell  persists  and  functionates,  and  the 
reparative  process  ceases,  that  is,  arrests  itself,  by  restoring 
the  defect  or  injury  which  conditioned  the  process. 

Here  is  no  included  question  of  a  persisting  intrinsic 
or  extrinsic  stimulus  to  growth,  or  of  irritant  actions 
of  any  order.  The  action  by  which  the  massive  injury 
or  defect  had  been  ejffected,  it  is  assumed,  has  ceased, 
and  the  agent  of  injury  is  no  longer  operative  ;  the 
reparative  responses  are  evoked  by  the  wound  or  defect, 
necessarily  and  constantly.  They  continue  until  the 
defect  is  more  or  less  made  good,  and  then  they 
spontaneously  cease  as  necessarily  as  they  began,  if  no 
new  or  extrinsic  interfering  forces  prevent.  They  are 
examples  of  an  intrinsic  efficiently  acting  automatic 
reparator,  and  in  the  result  we  see  a  relation  of  fitness 
to  the  organism  or  its  part,  in  the  quantity  and  quality  of 
the  product,  and  one  of  quantity  mainly,  often  not  solely, 
to  the  normal  or  casual  massive  injury  or  defect. 

Such  an  intrinsic  reparative  faculty  certainly  can  have 
been  evolved  by  a  survival  of  the  fit,  for  without  it  survival 
could  not  be  ;  and  it  has  been  well  called  by  Burdon- 
Sanderson  a  "  universal  physiological  law  of  nature." 
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This  automatic  character  of  the  reparator  is  in  all 
organisms  in  some  measure  local  in  its  action,  and  is 
especially  so  in  plants.  It  is  necessary,  and  so  it  is  never 
lost  so  long  as  life  persists. 

§  45/]  Even  when  some  extrinsic  intervening  forces, 
or,  as  they  have  been  rightly  called,  irritants,  perturb  it 
or  misdirect  it,  still  the  vital  responses  occur  ;  but  then 
they  exhibit  different  characters,  in  which  can  be  traced  in 
action  the  effects  of  both  the  intrinsic  evolved  faculties 
of  the  automatic  reparator  and  the  effects  of  the 
extrinsic  or  disturbing  influences,  both  of  which  are  then 
operative  causal  factors.  The  former  are  the  self-same 
intrinsic  faculties  which  were  efficient  in  pure  Repair 
when  not  perturbed,  while  in  the  latter  they  are  seen 
to  be  acting  inefficiently,  and  doing  damage,  because  they 
are  extrinsically  perturbed  ;  being  then  manifestations 
of  the  perturbations  of  the  actions  of  the  automatic 
reparator,  and,  like  them,  they  are  then  only  manifested 
by  and  through  its  vital  activities,  which  must  always 
persist,  not  only  in  the  whole  active  focus  of  the 
process,  but  in  each  cell  of  it  which  so  responds,  even 
although  such  response,  being  misdirected,  often  results 
later  on  in  a  regressive  series  of  changes,  after  having 
passed  through  a  sort  of  provisional  progressive  series, 
which  usually  may  have  exhibited  relations  of  fitness  only 
to  the  irritant  causes  of  irritation,  and  none  to  the  suffer- 
ing organism. 

So,  however,  that  at  the  periphery  of  the  focus, 
where  the  extrinsic  irritation  and  the  resulting  perturba- 
tion had  been  less,  or  may  have  been  almost  absent, 
the  cells  either  retain  or  regain  their  efficiency  as 
reparators,  and  then,  through  their  activities  of  this  order. 
Recovery  at  length  takes  place,  so  as  to  Repair  the  defects 
due    to    the  primary  injury,  and  also  those  due   to  the 
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damage  done  in  and  by  the  perturbation,  or,  as  it  may 
now  rightly  be  called,  the  Inflammation  ;  and  this,  just 
because  the  reparator  is  automatic  in  its  action,  and  so 
endures  while  life  lasts,  even  in  or  very  near  to  the  area 
which  has  been  perturbed. 

Thus,  the  reparator  is  operative  not  less  in  the  ineffi- 
cient and  perturbed  responses  than  in  the  efficiently 
acting  ones  ;  and  it  is  also  in  each  automatically  and 
necessarily  so  ;  and,  at  least  at  the  periphery  of  the 
focus  in  some  of  its  cellular  elements,  at  a  later  stage 
of  the  process,  when  the  perturbing  causes  or  irritants 
for  any  reason  no  longer  dominate,  it  can  and  does  at 
length  become  efficient,  and  then  it  brings  about  a 
Recovery^  if  only  by  a  sort  of  compromise.  The  process 
of  Inflammation^  so  thought  of,  is  one  which  demands 
the  co-operation  of  the  automatic  reparator  as  a  factor 
even  for  those  forms  of  it  which  involve  regressions 
or  a  local  necrosis  in  some  of  its  stages. 

But  this  statement  does  not  carry  with  it  any  support 
to  the  teaching,  that  Inflammation  itself  is  a  salutary 
or  a  reparative  process,  or  that  it  has  been  evolved  as 
such  by  a  survival  of  the  fittest  ;  for  in  all  these  cases 
the  regressive  responses  are  fitly  related  to  the  irritant, 
and  damage  to  the  organism  is  a  constant,  while  the 
Repair  or  Recovery  is  not. 

§  45^.  The  "  universal  physiological  law  of  nature  "  is, 
then,  another  term  for  the  faculty  of  Repair^  which  every 
living  cell  or  organism  has  evolved  and  must  be  endowed 
with  ;  and  its  existence  has  to  be  accepted  quite  irrespec- 
tively of  Inflammation^  although  Inflammation  cannot  be 
or  occur  without  it.  Such  a  faculty  of  Repair^  and  its 
necessary  mechanism,  the  automatic  reparator,  is  normal  or 
physiological,  and  in  this  it  contrasts  with  Inflammation^ 
which  is  always  casual,  damaging,  and  abnormal.     And  this 
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is  so,  notwithstanding  the  fact  that  Inflammation  demands 
for  its  occurrence  the  co-operation  of  the  normal  faculty  of 
Repair  and  its  mechanism,  the  automatic  reparator  ;  acting, 
however,  inefficiently  in  the  presence  of  a  misdirecting 
agent,  the  "  irritant."  While  it  is  here  thus  accepted 
that  the  faculty  of  Repair  has  been  evolved  by  "  survival  " 
of  the  fit,"  and  it  is  denied  that  the  same  can  be 
said,  in  any  proper  sense,  of  the  casual  damaging  abnormal 
preturbations  or  disorders  of  this  faculty,  such  as  we 
see  in  an  Inflammation  ;  which  always  does  damage  to 
the  organism  or  its  part  in  which  the  phenomena  are 
observed,  and  it  then  antagonises  or  prevents  Repair  ;  the 
only  relation  which  can  be  traced  between  evolution  or  a 
survival  of  the  fit  and  Inflammation  is  an  indirect  one. 

It  has  to  be  sought  for  in  the  evolution  of  the 
faculties  and  mechanisms  of  Repair  in  the  organism  on 
the  one  hand,  and  in  the  evolution  of  the  faculties  and 
mechanisms  of  the  irritant,  especially  when  it  is  a  parasitic 
one,  on  the  other.  When  this  has  been  done  for  each 
of  the  two  main  causal  factors  of  Inflammation^  i.e.  for 
the  intrinsic  and  the  extrinsic  ones,  the  result  comes 
out,  that  for  the  organism  inflamed  the  series  of  changes 
in  Inflammation  have  antagonised  or  arrested  Repair.,  or  have 
caused  further  damage  to  it  in  the  process,  in  a  degree 
measured  by  the  activity  of  the  irritation  ;  and  for  the 
irritant,  especially  when  it  is  a  parasitic  organism,  have 
throughout  been  fitly  related  and  beneficial  to  it.  They 
may  have  even  been  often  necessary  to  its  existence 
under  the  conditions,  and  no  doubt  seems  to  me  possible, 
that  the  extrinsic  parasitic  factors  have  always  flourished, 
.survived,  and  spread  ;  while  the  intrinsic  reparative 
ones  have  been  dominated  in  some  ways,  and  may  have 
even  in  an  important  degree  often  contributed  to  the 
survival  of  the  extrinsic  ones  ;    so  that,  in  the  apparent 


SECTION   V:    ITS    LIMITATIONS         263 

conflict  between  the  normal  evolved  reparative  faculties 
of  the  organism  suffering  from  Inflammation^  and  those 
of  the  parasite  which  is  the  extrinsic  irritant  cause  thereof, 
the  latter  are  always  directly  victorious,  and  the  former 
are  always  vanquished.  At  least  this  is  so  for  all 
established  parasites. 

Now,  while  it  is  correct  to  think  and  speak  of  the 
evolved  normal  faculties  of  both  host  and  of  parasite, 
nutritive  and  reparative,  as  necessary  for  each,  and  so 
as  requisite  to  enable  either  to  survive,  it  is  not  legitimate, 
and  to  me  it  is  indeed  inconceivable,  to  hold  that  a  casual 
series  of  changes  which  always  involves  damage  to  the 
affected  organism,  the  amount  ot  which  is  measured  by 
the  said  changes,  can  also  be  thought  of  as  indicating 
similarly  evolved  faculties,  such  as  Metchnikoff  and  his 
supporters  have  spoken  of  in  treating  of  Inflammation 
itself  as  an  evolved  and  a  salutary  faculty.  So  to  argue,  is 
to  confuse  Inflammation  with  Repair^  which  must  not  be, 
closely  related  though  they  are.  For  it  is  certain  that 
Inflammation  is  a  casualty,  and  is  not  normal,  is  itself  always 
damaging  and  is  antagonistic  to  Repair  while  it  lasts,  in  the 
measure  of  its  intensity  and  of  the  irritant  actions  within 
the  focus  or  area  of  its  phenomena,  whatever  may  occur 
after  it  has  ceased  to  dominate. 

It  is  therefore  not  legitimate  to  consider  such  a  series 
of  changes  as  due  to  faculties  evolved,  as  such,  by  a 
survival  of  the  fit  in  the  suffering  organism  ;  rather  must 
such  a  series  be  thought  of  as  due  to  the  disturbance  or 
disorder  of  such  beneficent  faculties  as  the  affected  organism 
has  been  endowed  with  in  its  evolution,  when,  by  a 
casual  occurrence,  they  are  more  than  balanced  by  extrinsic 
interfering  forces,  that  is  to  say,  by  irritants  ;  and  the  fact 
that  such  forces,  when  they  are  included  in  a  parasite, 
have  been  evolved,  in  no  way  weakens  this  conclusion. 
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Thus,  the  relation  between  evolution  and  an  Inflammation, 
though  a  real,  is  not  a  direct  one,  as  is  the  relation 
between  evolution  and  Repair.  Repair,  so  thought  of 
as  an  evolved  faculty  of  the  organism  in  which  the  response 
occurs,  as  normal  and  physiological,  is  one  which  is  sharply 
marked  off  from,  and  even  contrasted,  although  closely 
related  with.  Inflammation,  which  is  abnormal  and  a 
casualty,  and  not  itself  directly  evolved,  in  the  sense  that 
Repair  is. 

§  46.  Repair,  however,  cannot,  it  must  be  granted,  often 
be  observed  in  its  pure  form  in  concrete  examples.  There- 
fore, it  has  to  be  idealised  somewhat,  as  have  many  other 
general  conceptions,  e.g.  a  straight  line  or  a  true  plane  ;  but 
a  moderately  careful  survey  of  all  organisms  gives  a  suffi- 
cient basis  for  the  idea  of  pure  Repair,  by  showing  examples 
of  a  gradual,  and  even  of  a  near,  approximation  to  the 
pure  ideal. 

If  we  think,  as  it  were,  of  converging  lines  in  one 
plane,  which,  if  protracted,  must  at  length  intersect  at 
some  point  which  is,  or  seems  to  be,  within  a  measurable 
distance,  we  see  an  example. 

I  may  not  here  delay  to  give  many  illustrations  of  the 
stations  along  such  imagined  converging  lines  ;  but  a  very 
few  may  be  offered,  and  they  will,  I  hope,  suffice  to  make 
the  idea  sufficiently  clear.  Nearest  to  such  postulated  point 
of  intersection  of  the  converging  lines,  may  be  put  such 
cases  as  those  of  a  bisected  amoeba,  in  which  the  action 
of  the  injurious  agent  was  brief,  the  injury  inflicted  was 
consequently  relatively  slight,  in  comparison  with  one  of 
more  complex  organisms,  in  consequence  of  the  smallness 
of  the  whole  mass,  its  almost  diffluent  and  homogeneous 
s'tructure,  the  rapidity  with  which  the  breach  of  continuity 
is  closed  by  liquid  flow  or  elastic  contraction,  and  the 
formation  of  a  surface  film  by  the  physical  and  chemical 
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attributes  of  the  cell-substance  before  nutritive  responses 
proper,  as  they  are  commonly  understood,  can  even 
begin  ;  so  that  the  wound  or  defect  is,  as  it  were,  promptly 
protected  against  interfering  irritating  forces,  parasitic  or 
other  ;  and  the  reparative  faculties  of  each  segment  can 
begin  and  often  do  work  effectively,  given  a  normal 
environment  for   their  nutrition. 

Leaving  out  for  a  moment  intermediate  examples,  I 
will  take  next  one  at  the  greatest  distance  from  the 
imagined  point  of  intersection,  or  the  ideal  of  a  pure  Re- 
pair,  say  of  a  wound  in  man.  If  it  be  very  small,  as  in 
the  case  of  a  clean  needle  puncture,  so  as  to  close  promptly 
by  the  elasticity  of  the  tissues,  and  if  it  be  protected  from 
interferences  or  casual  irritant  actions  from  without,  and 
if  it  be  not  so  placed  as  regards  the  internal  structures  as 
to  involve  important  intrinsic  sources  of  irritation,  chemi- 
cal, physical  or  other,  it  soon  heals,  and  Repair  is  effected 
with  little  or  no  delay  or  disturbance  of  the  process,  and 
Inflammation  proper  can  scarcely  be  said  to  occur,  although 
some  nearly  passive  effects  of  the  action  of  the  agent  of 
injury,  such  as  blood-clots,  tissue-debris,  and  other  such 
passive  regressive  or  necrosed  materials,  almost  always 
intervene,  and  so  may  hinder  some  of  the  operations  of 
the  automatic  reparator. 

These  hindrances  seem  scarcely  to  act  as  irritants,  and, 
perhaps  in  consequence  of  their  intrinsic  origin  and  close 
chemical  relationship  with  the  cells  and  tissue  near,  are 
usually  not  pathogenic,  or  not  so  in  any  such  conspicuous 
degree  as  to  extend  the  area,  as  do  irritant  actions  proper. 
The  automatic  reparator  as  a  whole  mechanism,  therefore, 
deals  with  them  efficiently  with  a  minimum  of  effort,  and 
the  responses,  although  they  often  exhibit  some  vascular 
and  nervous  excitation,  and  even  deformity,  yet  do  not 
present  us  with  them  in  such  a  disorderly  and  excessive 
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degree  as  we  meet  with  in  any  Inflammation  proper  in  the 
same  organism  ;  and  this  is  shown  by  the  fact  that  they 
do  no  appreciable  damage,  so  that  it  may  properly  be  said 
they  compare  rather  with  such  grades  of  increased  vascular 
and  nervous  phenomena  as  are  met  with  in  similar  organ- 
isms in  a  normally  occurring  increase  of  functional  exertion,, 
as,  for  example,  in  a  secreting  mamma,  or  in  a  contracting 
muscle. 

In  such  a  case  the  increased  vascularity  near  such  a 
puncture,  even  although  it  has  some  resemblance  to 
one  sign  of  Inflammation^  and  that  the  most  conspicuous 
one,  is  not  truly  a  sign  that  Inflammation  is  present  ;  it 
is  a  sign  only  that  the  automatic  reparator  is  actively  at 
work,  and  is  doing  its  work  efficiently,  without  any 
concurrent  appreciable  damage  to  the  part.  The  local 
determination  of  blood  in  such  a  case,  although  greater 
than  in  an  uninjured  part,  is  not  greater  than  is  serviceable 
to  the  automatic  mechanism  of  Repair  ;  it  is  co-ordinated, 
proportionate,  and  efficient. 

Such  effusions  of  liquid  and  emigration  of  leucocytes 
as  also  occur  are  similarly  proportionate  and  beneficent  ; 
and  the  activity  of  the  emigrated  leucocytes  as  phagocytes 
is  probably  beneficent  in  disposing  of  the  said  hindering 
blood-clots  and  debris  of  tissues,  or  cells,  either  by  en- 
globing  and  digesting,  or  carrying  them  away  to  positions 
where  they  do  not  appreciably  hinder  repair  ;  and  it  may 
well  be,  that  the  leucocytes  may  sometimes  profit  by 
their  food,  so  as  possibly  sometimes  to  be  nourished  by 
it,  and  so  somewhere  or  somehow  may  grow  and  multiply  • 
but,  in  any  case,  they  are  not  then  pus  corpuscles,  and 
the  process  is  not  a  suppurative  one  ;  for  neither  the 
leucocytes,  nor  the  tissues  near  which  they  are  found, 
die  or  dissolve,  nor  are  they  disintegrated  ;  and  whether 
or  no  they  ever  form  new  tissues,  they  destroy  no  living 
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tissues,  and  so  they  do  good,  and  not  harm,  to  the  part, 
either  of  a  suppurative  kind,  or  otherwise. 

Such  a  process,  notwithstanding  a  certain  superficial 
resemblance  to  Inflammation^  especially  to  the  less  severe 
forms  of  it,  e.g.  the  traumatic  ones,  is  not  itself  an 
Inflammation  ;  it  is  rather  very  strongly  contrasted  there- 
with, as  may  be  seen  in  the  fact  that  it  is  beneficent,  and 
only  so  ;  and  its  apparent  resemblance  to  Inflammation 
receives  a  sufficient  explanation  if  we  remember  that  both 
in  Repair  and  in  Inflammation  the  automatic  reparator, 
whatever  its  mechanism,  is  engaged  in  the  work,  and  that 
in  the  case  here  considered,  as  some  hindrances,  usually 
only  of  intrinsic  origin,  have  to  be  overcome,  it,  in  virtue 
of  its  automatic  character,  necessarily  has  to  work  more 
vigorously,  and  this  is  chiefly  apparent  in  the  increased 
vascularity  of  the  part,  with  the  necessary  consequences 
thereof;  although  the  question  here  remains  perhaps 
open,  whether  the  hindrances  stimulate  or  irritate,  and 
so  impair  the  automatic  character  of  the  response. 

Whether  or  no  the  hindrances  to  Repair.,  spoken  of 
above,  can  and  do  really  act  as  stimulants,  and  so  possibly 
determine  the  increased  action  of  the  reparator,  need  not 
be  further  considered  here,  as  I  have  assumed  the 
reparator  to  be  automatic — an  assumption,  however,  not 
meant  to  be  inconsistent  with  the  possibility  of  such 
occasional  stimulant  actions  by  blood-clots  and  tissue- 
debris  being  sometimes  active  under  some  conditions  of 
persistence. 

Such  vascular  phenomena,  however,  although  often  so 
exalted  as  to  be  attended  with  some  little  redness,  heat, 
swelling,  and  pain  or  tenderness,  are  not  so  inordinate 
or  disproportionate  as  to  impair  ;  rather  they  help  the 
progressive  cell-proliferations  which  the  wounds  or  defects 
demand  for  their  Repair.      Cell-proliferation  with  develop- 
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ment  therefore  occurs,  and  as  in  quantity  it  is  approxi- 
mately equal  to  the  loss  or  defect,  and  in  quality  it  is  very 
much  like  the  responding  or  proliferating  tissue,  it  ceases, 
so  to  say,  spontaneously  when  the  defect  is  made  good,  and 
with  this  the  whole  process  which  had  been  called  into  action 
ends,  and  there  remains  only  obviously  in  the  product, 
as  a  potential  faculty  of  the  living  tissues,  the  automatic 
character  of  the  reparator. 

Doubtless,  the  stimulation  of  normal  vital  processes, 
here  granted  as  possible,  may  be  and  has  been  thought 
o£  as  "injurious  irritation,"  and  the  response  evoked  as 
true  Inflammation^  or  a  perturbation  of  Repair.  But  the 
distinctions  drawn  here  are,  I  think,  sufficient,  namely, 
that  the  responses  are  efficient,  are  not  so  misdirected  as 
to  do  appreciable  damage,  and  are  not  in  this  regard 
separate  and  distinct  from  Repair ;  as  they  do  not 
antagonise  it. 

It  is,  however  granted,  that  cases  are  frequent  in  which 
the  reparative  responses  are  mixed  with  some  damaging 
ones,  even  although  in  the  end  these  latter  often  cease  ; 
and  the  result  is  a  Repair  by  a  compromise,  which 
outcome  has  been  too  much  used  as  a  proof  that  Inflam- 
mation is  itself  reparative.  But  such  mixed  cases  are  not 
correctly  placed  on  the  ideal  converging  lines. 

Such  a  minute  clean  punctured  wound  in  man  is, 
then,  to  be  compared  in  its  healing,  without  any  import- 
ant break,  with  the  Repair  of  a  bisected  amoeba  ;  although 
in  the  latter  all  vascular  and  nervous  factors  are  wanting, 
and  the  proliferation  is  in  it  only  of  the  structural  units 
of  cells,  although  reproductive  regeneration  may  also 
follow,  and  new  cells  may  be  born. 

§  46^.  It  is  perhaps  scarcely  needful  to  dwell  here  in 
detail  on  the  other  and  larger  injuries  in  man  which  are 
also  repaired,  and  to  which  very  similar  remarks  apply  as 
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have  been  made  on  the  example  given  of  a  small  punctured 
wound.  But,  as  in  many  cases  the  conditions  are  more 
complex,  often  are  mixed,  and,  in  proportion  as  this  is  so, 
the  process  of  Repair  is  less  pure,  the  responses  then  may- 
include  some  phenomena  more  clearly  like  those  which 
characterise  an  Inflammation  proper,  and  may  even  with 
dijfficulty  be  separable  therefrom,  if  at  all ;  a  few  instances 
may  be  dealt  with. 

Examples  may  be  seen  in  simple  fractures  of  bones, 
in  bruises,  and  in  antiseptically  treated  wounds.  After 
these  traumatic  injuries,  the  responses  may  show  some, 
although  relatively  less  important,  evidences  of  irritation 
and  of  misdirection  given  to  the  automatic  reparator  ; 
yet  is  the  net  result  so  markedly  reparative,  and  so  little 
damaging  to  the  organism  or  to  the  part  of  it  affected, 
that  such  evidences  of  damage  are  commonly  and 
rightly  neglected  ;  and  the  process  as  a  whole  is  con- 
sidered to  be  one  of  Repair,  that  is,  one  of  efficient 
action  of  the  automatic  reparator  ;  and  the  product  shows 
this  in  a  distinct  relation  of  fitness  to  the  organism,  even 
although  in  such  cases  the  Repair  may  not  be  pure,  but 
a  sort  of  recovery  by  a  compromise. 

Thus,  even  these  mixed  cases  justify  the  general 
conception  of  Repair  as  a  normal  faculty,  a  manifestation 
of  a  "  universal  physiological  law  of  nature  "  evolved  in 
each  species  of  organism  by  a  survival  of  the  fit,  in 
diverse  modes  and  degrees,  always  beneficent  to  it,  and 
showing  always  in  the  result  of  the  process  relations  of 
fitness  to  the  organism  ;  so  that  in  all  these  points  it  is 
in  marked  contrast  to  Inflammation,  a  constant  character 
of  which  is  that  it  antagonises  Repair,  and  itself  always 
does  damage  to  the  responding  organism  or  part.  The 
admixture  so  often  seen  in  these  cases,  of  some  true 
Inflammation,  with  dominant  efficient  reparative  responses. 
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does  not  justify  any  admixture  of  or  confusion  of  the 
ideas  of  Repair  and  Inflammation^  or  sustain  the  conception 
of  the  latter  as  itself  a  reparative  or  a  salutary  response. 

§  47.  Having  thus  given  some  illustrations  of  an 
almost  pure  Repair  in  the  amoeba,  at  a  point  as  near  as 
can  be  found  to  the  point  of  intersection  of  the  imagined 
converging  lines,  and  again  at  the  greatest  known  distance 
therefrom,  that  is,  in  man,  the  most  complex  of  all  known 
organisms  ;  I  must  next  give  attention  to  some  of  the 
intermediate  stations  on  these  lines,  where  they  diverge 
more  than  in  the  amoeba  and  less  than  in  man.  For  we 
may  not  forget  that  all  organisms  suffer  casual  injuries 
and  need  Repair^  and  can  and  do  effect  it  in  modes  which 
vary  much  with  the  kinds,  degrees  and  conditions  of  their 
evolved  reparatory  mechanisms  ;  and  thus  that  varieties 
of  reparative  phenomena  dependent  upon  differences  in 
the  intrinsic  attributes  are  met  with  and  are  very  signifi- 
cant and  instructive  in  connection  with  the  complex  and 
various  forms  of  the  responses  to  be  studied,  whether 
perturbed  or  not. 

In  the  lower  invertebrate  animals  and  in  plants,  the 
Repair  of  casual  massive  injuries  is  very  obvious  and 
effective  in  its  results  ;  but  our  knowledge  of  the  details 
of  the  process,  and  of  the  various  intrinsic  hindrances 
and  perhaps  of  the  extrinsic  irritations  which  occasionally 
disturb  its  actions,  and  of  the  indications  of  the  responses 
then  evoked,  is  perhaps  less  than  it  is  in  man,  and  many 
of  these  disturbances  are,  I  think,  as  yet  unobserved,  though 
present. 

However,  in  all  of  these  reparative  responses  we  find 
that  effective  Repair  is  at  length  brought  about  by  cell- 
proliferations  and  by  a  co-ordinated  supply  of  growth- 
material,  with  a  tissue  development  in  due  kind  and 
degree  such  as  benefits  the  injured  organism,  and  so  gives 
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a  product  which  shows  a  relation  of  fitness  to  it.  Such 
efl!icient  products  of  the  processes  of  Repair  in  these  organ- 
isms are  also  most  often,  if  not  always,  measured  in  quantity 
by  the  loss  or  defect  due  to  the  injnry  ;  in  kind  they 
most  often,  if  not  always,  resemble  the  tissue  out  of  which 
they  spring  ;  most  often,  if  not  always,  they  cease  as 
processes  when  the  defect  is  made  good,  apparently 
spontaneously. 

In  these  respects,  the  responses  to  massive  casual 
injuries  in  plants,  and  in  most  of  the  lower  animals, 
although  they  are  all  truly  Repair  responses,  or  mani- 
festations of  it  of  some  kind,  present  some  distinctions 
from  those  observed  in  man  and  in  his  nearest  allies  in  the 
animal  series.  For  the  reparative  faculties  include  also  the 
regenerative  ones,  and  are  seen  manifested  often  in  the 
production  of  lost  organs  or  members,  and  even  individuals. 

Thus,  we  often  meet  with  in  the  lower  animals,  and 
plants,  not  only  enough  of  new  growth  to  make  good  a 
local  defect  of  tissue,  as  in  the  closure  of  a  wound,  and 
in  the  effective  coalescence  of  its  parts,  but  also  the 
regeneration  of  a  lost  organ  or  member,  even  if  of 
considerable  size  and  complexity  of  structure,  which  is 
not  equally  the  case  in  the  highest  organisms.  In  these 
cases,  the  new  growth  and  development  of  cells  may 
persist  long  after  the  wound  is  closed  or  covered  ;  and 
often  they  go  on  until  the  whole  loss  is  replaced,  when 
they  also  usually  at  length  cease,  at  least  as  a  local  process 
of  Repair  or  regeneration.  But,  in  such  cases  also,  the 
response  is  often  measured  somewhat  in  quantity  by  the 
defect,  and  is  like  in  kind  to  the  organs  or  members  lost  ; 
and  it  also  ceases  as  a  local  process,  when  the  defect  is 
effectively  repaired  ;  although  the  product  can  and  often 
does  afterwards  grow  and  functionate,  in  common  with 
the  whole  organism. 
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In  some  animal  organisms,  chiefly  in  the  lowest,  a  type 
of  regeneration,  which  may  be  called  the  reproductive, 
is  met  with  throughout  life  ;  in  some  others,  chiefly  the 
higher  of  those  which  present  it,  these  various  results 
of  a  massive  injury  are  met  with  only  during  the  earlier 
life-periods,  or  it  may  be  only  in  its  larval  states.  The 
inference  seems  justifiable,  that  the  lower  animal  forms, 
in  their  adult  states,  correspond  at  least  in  this  regard  to 
the  larval  phases  of  the  higher  ones. 

§  47^3.  In  plants,  somewhat  similar,  but  not  exactly  the 
same  series  of  phenomena,  are  met  with  after  casual 
massive  injuries,  with  a  loss  of  organs  or  members  ; 
certainly  we  find,  as  in  forest  trees,  in  the  overwhelming 
of  a  wound  where  a  branch  is  cut  off,  that  is,  closure  and 
Repair  by  a  tissue  regeneration  ;  but  such  new  tissue  does 
not  itself,  as  a  mass,  grow  out  into  and  form  a  new  branch 
quite  in  the  manner  of  a  new  tail  of  a  salamander,  or  a 
new  leg  of  a  triton,  or  a  new  head  or  tail  of  a  worm. 

Younger  axes  and  leaves,  and  indeed  I  think  all  young 
growing  parts  of  plants,  when  wounded,  heal  without  much 
delay  or  important  interference  from  hindrances  of  an 
intrinsic  origin,  or  usually  from  irritant  actions  of  extrinsic 
causation  ;  but  the  young  tissue  so  produced  does  not  as 
a  rule,  at  the  part  itself,  often  grow  and  develop  into  an 
organ  or  a  member  or  a  part  of  one,  like  that  which  the 
injury  may  sometimes  have  removed  ;  unless,  the  part 
removed  had  been  an  axis  ;  when,  in  the  near  neighbour- 
hood of  the  wound,  growth  is  liberated,  and  a  collateral 
growth  of  new  or  old  axes  is  then  the  equivalent  of  Repair^ 
in  what  may  well  be  called  its  reproductive  variety. 

What  occurs  more  often  in  plants,  is  that  the  new 
.young  tissue  which  heals  over  the  wound  of  an  axis  can 
give  rise  to  one  or  many  new  buds,  which  may  develop 
into  as  many  new   axes,  by  a  reproductive  Repair,  each 
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bud  having  all  the  potential  faculties  of  a  perfect  plant. 
These  products,  or  responses  to  injury  in  plants,  differ 
from  the  normal  members  which  have  been  removed  only 
in  place  and  time,  and  it  may  be  sometimes  in  number  and 
dimensions  ;  but  their  occurrence  and  order  of  arrange- 
ment are  not  constant  or  regular,  and  often  the  healed- 
over  scar  persists  as  such,  especially  if  the  new  patch 
takes  place  in  a  parenchyma,  when  the  Repair  may  be  called 
simply  a  tissue  regeneration. 

§  47/^.  Many  of  the  lowest  animal  forms  also  respond  to 
massive  injuries  in  modes  very  closely  analogous  to  those 
so  frequently  seen  in  plants ;  and  thus  we  reach  a  great 
group  of  organisms,  animal  and  vegetable,  of  which  it  is 
a  common  character,  that  massive  injuries,  even  such  as 
in  the  higher  forms  of  life  would  be  promptly  fatal,  are 
responded  to  by  a  repair  process  in  which  each  fragment, 
even  a  very  small  one,  can  and  often  does  reproduce  a 
whole  organism.  This  is  the  most  highly  developed  form 
of  reproductive  Repair. 

See,  in  plants,  the  moss  Funaria  hygrometrica^  which  can 
be  propagated  from  very  minute  fragments,  and  the 
numerous  examples  given  to  us  by  horticulturists  who 
propagate  by  cuttings,  of  which  one  of  the  most  familiar 
and  instructive  is  seen  in  the  leaves  of  Begonia  rex. 

In  some  degree,  this  faculty  oi  Repair  by  a  reproduc- 
tion of  the  organism  would  seem  to  be  present  in  all 
or  nearly  all  plants  in  some  of  their  parts,  if  not  in  all, 
at  least  at  some  period  of  their  life-cycles,  and  in  varying 
proportions  of  their  whole  mass ;  but  it  is  known  that 
often  such  a  faculty  of  Repair  of  casual  massive  injuries 
by  a  reproduction  of  the  whole  organism  occurs  also  in 
very  many  of  the  lowest  animals. 

This  has  been  long  known  and  has  been  carefully 
studied  in  the  hydra  and    in  many   other   of  the    lower 
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animal  organisms,  especially  in  those  which  approach  more 
nearly  to  plants  in  respect  o£  the  greater  independence  of 
their  component  cells,  or  cell-complexes.  In  the  uni- 
cellular animals,  it  seems  almost  a  constant  faculty  for  the 
separated  segments  each  to  regenerate  a  whole  organism 
from  a  segment  of  suitable  structure  and  dimensions. 

An  amoeba,  if  fairly  bisected  through  the  nucleus,  would, 
there  is  little  doubt,  fully  Repair  each  half,  and  so  pro- 
duce two  complete  organisms.  If  this  has  not  been 
experimentally  proven  (as  to  which  I  am  not  able  to  speak 
confidently),  it  may  perhaps  in  part  be  due  to  the  practical 
difficulty  of  making  such  a  section.  Sections  of  Stentor 
cosruleus,  in  which  the  nuclei  are  multiple,  even  if  into 
three  parts,  produce  a  new  and  complete  organism  for 
each  segment  containing  a  nucleus. 

There  is,  in  short,  strong  evidence  to  show  that,  under 
normal  conditions  of  the  environment,  every  artificially 
or  casually  divided  living  unicellular  organism  produces 
a  new  and  complete  organism  for  each  segment  so 
produced,  which  contains  any  considerable  fragment  of 
both  nuclear-plasm  and  cytoplasm. 

Perhaps  there  is  even  more  evidence  for  this  general 
statement  in  regard  to  unicellular  animals  than  plants, 
and  there  may  be  some  ground  for  thinking  that  the  latter 
do  not  quite  so  quickly  Repair  after  such  an  injury  as  the 
former  do,  and  are  perhaps  more  apt  to  die  as  a  con- 
sequence ;  but  it  is  known  that  some  unicellular  plants 
do  Repair  severe  massive  injuries  in  those  cases  in  which 
some  appreciable  amount  of  nuclear-plasm,  plus  cytoplasm, 
remains  in  the  segment,  and  this  so  as  to  quite  restore  the 
loss ;  and  it  seems  to  follow  necessarily  that,  if  in  these 
each  segment  of  a  bisection  contains  such  due  amount 
of  each  plasm,  then  each  one  can  become  a  whole  and  a 
complete   organism,   the  Repair  process  being  developed 
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by    stages    to    a    reproductive    regeneration,    its    highest 
expression. 

The  doubts,  sometimes  expressed,  as  to  the  Repair  of 
massive  injuries  of  individual  cells  in  plants,  rest,  I  think, 
mainly  on  the  facts  observed  in  the  component  cells  of 
the  higher  plants,  which  without  doubt  commonly  after 
such  injuries  undergo  only  regressive  changes  themselves, 
and  then  such  Repair  as  follows  is  due  to  the  vital  pro- 
liferative responses  appearing  in  the  nearer  cells,  not  so 
injured.  But  in  unicellular  plants,  as  is  seen  in  Vaucheria 
and  in  some  of  the  Confervae,  Repair  by  a  reproductive 
regeneration  is,  I  think,  accepted. 

Speaking  generally,  I  think  in  all  organisms  which 
normally  sometimes  reproduce  the  individuals  of  a 
species  by  a  cell-division  or  by  fission,  a  massive  casual 
injury  is  repaired  by  a  patch  in  that  portion,  the  cells  of 
which  retain  some  uninjured  plasm  of  both  kinds  ;  and 
if  there  be  two  or  more  such  portions  remaining,  then  each 
portion  often  completes  the  organism,  and  the  result  is  a 
reproductive  regeneration  or  Repair^  which  is  in  its  result, 
and  in  the  process,  very  much  the  same  thing  as  a  normal 
fission. 

Thus,  in  both  animal  and  plant  unicellulars.  Repair  by  a 
reproductive  regeneration  is  to  be  regarded  as  a  common 
though  perhaps  not  a  constant  response  to  casual  massive 
injuries  in  them.  Whether  or  no  Repair  occurs  in  this 
form,  depends  mainly  upon  the  extent  or  other  characters 
of  the  injury,  and  upon  the  amount  of  uninjured  cell- 
structures  left  in  the  segment — that  is,  on  the  injury 
and  on  the  intrinsic  Repair  faculty. 

§  48.  It  seems  a  constant  in  all  unicellulars,  and  also  in 
the  more  complex  organisms  of  both  kingdoms  of  nature, 
that  efficient  reparative  responses  to  massive  injuries  of  any 
kind  can  only  occur  when  the  segment  remaining  has  a 
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certain  minimum  mass,  in  which  is  contained  at  least  the 
two  chief  essentials,  the  nuclear-plasm  plus  the  cytoplasm, 
and  also  some  stores  of  growth-materials,  if  the  Repair 
response  is  to  take  on,  or  to  proceed  to,  a  reproductive 
regeneration,  or  even  to  an  efficient  regeneration  of  tissues 
or  organs. 

In  any  case,  it  is  known  that  a  separated  portion 
of  cytoplasm  only,  whatever  other  vital  phenomena  it  may 
for  a  time  display,  does  not  ever  develop  so  as  to  form 
a  cell,  and  although  it  may  exhibit  the  movements 
usual  to  the  same  part  of  the  same  organism,  may  close 
the  wound,  form  a  film  or  a  pellicle  on  its  surface,  and 
even  present  some  indications  of  an  internal  metabolism, 
very  like  those  seen  in  a  normal  organism  ;  yet  by  these 
changes  it  rather  shortens  than  prolongs  the  life  of  the 
part,  as  they  use  up  its  stores  of  matter  and  force,  and 
thus,  while  the  segment  separated  takes  in  and  assimilates 
no  new  growth-materials  from  the  environment,  it  is  not 
viable,  and  cannot  multiply. 

Such  a  separated  segment  is  as  little  able  to  effect  a 
complete  repair,  as  is  the  cut-off  tail  of  a  salamander,  or 
the  leg  of  a  triton,  or  the  several  segments  into  which  a 
lamprey  is  cut  when  it  is  used  as  bait  ;  and  although  all 
these  exhibit  for  a  time  some  of  their  usual  vital 
phenomena,  these  are  more  wasteful  than  reparative  ;  and 
even  if  they  may  possibly  also  evince  some  attempts  at 
cell-proliferations,  yet  is  the  whole  segment  as  little  viable 
as  is  the  separated  cilium  of  a  flagellate  unicellular. 

These  examples  taken  from  vertebrate  animals,  in  which 
a  true  reproductive  regeneration  after  casual  injuries 
involving  separation  of  portions  does  not  occur,  find  their 
,  equivalents  also  in  many  lower  animals  and  plants  ;  in 
which,  however,  sometimes  reproductive  regeneration  is 
not    uncommon    after   injury,    as    in    Hydra    viridis    and 
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Tubularia  mesemhryanthemum^  in  which  we  find  that,  not- 
withstanding the  great  simplicity  of  their  structure, 
there  is  a  minimum  mass  of  it  essential  for  the  separated 
segments  to  regenerate,  which  they  may  do  by  reproducing 
the  whole  organism,  as  does  the  Funaria  hygrometrka^ 
and  perhaps  nearly  all  plants  in  some  degree. 

We  are  told  that  less  than  -^-^^  part  of  the  bulk  of  a 
hydra  cannot  regenerate  the  organism  when  isolated  as  a 
segment,  while  it  is  well  known  that  larger  masses  of  it 
do  so  with  great  readiness  and  constancy. 

It  seems  then  that,  apart  from  structural  characters, 
except  those  of  the  cell  itself,  which  are  essential  to 
nutrition  and  life,  there  is  a  minimum  mass  of  living 
substance  necessary  for  a  true  regeneration  to  take  place, 
whether  of  tissue,  organ  or  organism.  This  fact,  as  I 
take  it  to  be,  is  probably  best  explained  on  the  assumption 
that,  for  any  segment  or  remnant  after  an  injury  to 
be  repaired  effectively,  some  stores  of  growth  -  materials 
are  needful,  and  these  are  commonly  greater  in  the  larger 
masses  ;  and  this  view  finds  support  in  the  experience  of 
horticulturists  in  propagation  by  cuttings. 

§  49.  But  besides  the  mass  of  the  separated  segment, 
there  is  another  factor  of  almost  as  much  importance  in 
determining  the  extent  and  character  of  the  regeneration 
it  can  present,  viz.  the  intrinsic  faculties  of  its  component 
parts  ;  for  not  all  the  cells  and  tissues,  members,  and  organs 
of  a  multicellular  organism,  plant  or  animal,  are  in  this 
regard  equally  endowed. 

In  the  lowest  organisms,  plants  or  animals,  constructed 
as  they  often  are  of  colonies  of  apparently  nearly'  similar 
cells,  very  little  specialised,  we  know  less  of  any  differences 
which  some  of  them  may  present  in  their  regenerative 
faculties  ;  so  that  each  and  all  the  component  elements 
then    seem  to  respond  to  casual  injuries  in  a  somewhat 
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similar  manner.     See  the  groups  of  Protophyta   and    of 
Protozoa,  or  the  earher  embryonic  stages  of  the  Metazoa. 

But,  in  both  kingdoms  of  nature,  we  find,  with  increasing 
complexity  and  interdependence  of  structure,  with  differ- 
entiation of  tissue  and  of  function,  some  parts  in  which 
the  regenerative  faculty,  whether  of  tissue,  organ,  or 
organism,  is  greater,  and  others  in  which  it  is  less,  or  is 
apparently  absent. 

True,  in  all  organisms,  in  all  cases,  regeneration  of 
cells  in  the  tissues  is  the  most  constant  and  widely 
distributed  faculty  ;  and  this  implies  the  pre-existence  of 
regenerative  attributes  in  the  component  cells  ;  and 
in  all  such  cases  cell  and  tissue  regeneration  must  coexist, 
and  bring  about  a  healing  over  or  protection  against  adverse 
extrinsic  influences,  in  order  that  a  regeneration  of  an 
organ  or  of  a  member  can  be  effective  ;  and  thus  it 
contributes  to  such  regeneration. 

In  reproductive  regeneration  from  a  separated  segment, 
casually  or  experimentally  produced,  some  such  more  or 
less  complete  protection  by  cell  and  tissue  regeneration 
appears  to  be  a  common,  if  not  a  constant,  mode  of 
beginning.  Yet  is  this  highest  expression  of  the  regenera- 
tive powers  not  quite  simply  related  to  the  regeneration 
of  organs  or  members  ;  it  is  indeed  seen  most  frequently 
and  completely  in  the  lowest  animal  forms  and  plants, 
while  the  regeneration  of  organs  or  members  is  best 
shown  in  the  organisms  just  below  the  highest ;  and  in 
the  highest,  we  find  only  some  forms  of  a  cell  or  tissue 
regeneration  persisting. 

Of  course,  in  unicellulars  which  have  neither  organs 
nor  members,  this  mode  of  reproductive  regeneration  is 
not  seen  ;  but  in  them  it  seems  probable  that  reproduction 
by  completion  is  nearly  constant  in  each  fragment,  if 
duly    composed    of    nuclear-plasm    and    cytoplasm    in    a 
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sufficient  mass,  so  that  structural  unit  proliferation  can 
occur. 

Reproductive  regeneration,  then,  in  the  sense  of  a 
multiplication  of  the  organism,  after  and  due  to  a  massive 
injury,  is  indeed  met  with,  but  only  in  the  lower  forms 
of  living  things  ;  and  then  it  occurs  in  the  course  of  and 
as  a  consequence  of  a  regeneration  of  cells,  tissues  and 
organs,  after  their  injury  or  removal,  so  that  an  organism 
often  is  thus  completed,  while  yet  it  is  not  so  directly 
multiplied.  Such  a  completion  of  an  organism,  of  which 
examples  are  seen  in  earth-worms,  which  can  produce  a 
new  head  and  a  new  tail  after  their  removal,  and  in  many 
other  lower  invertebrata,  vascular  and  not,  seems  often 
to  end  the  series  of  events,  in  as  far  as  they  are  directly 
related  to  the  injury. 

The  organ  or  member  regenerations  seen  sometimes  in 
vertebrata  belong  to  the  same  category  ;  they  tend  to 
complete  the  organism,  and  may  often  render  it  viable, 
but  they  do  not  ever  directly  multiply  it,  though,  as 
a  later  consequence,  normal  multiplication  is  thus  made 
possible. 

It  is  only  in  the  lower  animals,  and  in  plants,  that 
small  and  separated  fragments  or  segments  of  an  organism 
can  each  become  a  complete  new  organism  ;  but  when 
this  occurs  it  is  often  largely  by  a  process  of  completion 
for  each  fragment,  so  that  it  does  not  differ  in  essentials 
from  that  spoken  of  above,  in  which  an  earth-worm 
produces  a  new  head  end  or  a  new  tail.  This  conclusion 
applies  in  essentials  both  to  animals  and  to  plants,  to  a 
segment  of  a  hydra,  or  to  a  willow  cutting. 

There  is  reason  to  say  that  these  organisms,  probably 
all  organisms,  possess  such  regenerative  or  reparative 
faculties  in  some  parts  or  tissues  in  a  high  degree,  and 
in  others  much  less  so,  or  possibly  not  at  all.     Thus,  in 
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most,  probably  in  all,  the  organisms  which  multiply  in 
number  in  response  to  some  grave  injuries  ;  as  well  as 
in  those  higher  forms  which  only  complete  the  individual, 
and  may  make  it  viable  ;  we  find  evidence  that  some 
parts  of  their  structures  are  specially  endowed  with  the 
required  regenerative  attributes  of  any  of  the  types. 

In  the  earth-worm,  which  does  not  regenerate  a  whole 
organism  from  every  segment  wherever  the  section  is 
made,  a  region  exists  near  the  head,  and  another  near  the 
tail,  in  which  the  faculty  of  regenerating  the  lost  parts  is 
present  and  efficient,  while  this  is  not  so  beyond  or 
outside  it. 

And  correspondingly,  in  the  hydra,  which  exhibits  in 
such  a  high  degree  the  faculty  of  multiplication  of  indivi- 
duals in  its  regenerative  responses  to  grave  injuries  of 
most  parts  of  its  body,  does  not  do  so  equally  in  all  ;  for 
a  separated  tentacle,  although  it  can  live  a  while,  and  may 
possibly,  even  probably,  present  some  temporary  and 
futile  regenerative  responses,  does  not  regenerate  repro- 
ductively  ;  so  that  it  dies  before  long,  although  its  mass 
is  often  greater  than  that  of  some  separated  segments  of 
the  body  which  can  reproduce  a  complete  hydra. 

Thus,  from  hydra  to  man,  and  from  moss  to  oak,  the 
component  parts  are  endowed  with  different  degrees,  and 
it  may  be  with  different  kinds,  of  responsive  regenerative 
faculty  to  casual  injuries.  It  is  thus  shown  to  be 
possible,  as  on  other  grounds  it  may  be  thought  of  as 
probable,  that  certain  structures,  even  in  the  highest  and 
most  complex  organisms,  are  specially  endowed  in  this 
regard,  and  may  have,  as  one  of  their  functions,  the 
Repair  of  a  casual  massive  injury,  in  some  mode,  by  a 
•  regeneration  ot  tissues  or  of  organs,  and  either  complete 
or  incomplete. 

I  have  already  given  reasons  for  thinking  that  in  higher 
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plants  the  cambium,  and  in  vertebrata  the  vascular 
connective  tissues  and  epithelia,  are  so  endowed  ;  and  to 
this  I  may  now  add  that  in  the  lower  plants  and  animals, 
even  in  those  which  have  developed  from  a  bilaminar 
blastoderm,  there  is  observable  some,  although  perhaps 
less,  specialisation  of  the  reparative  apparatus  and 
functions,  of  this  kind. 

Such  a  specialisation  of  function  and  structure,  it  is 
not  difficult  to  see,  might  be  very  useful  to  an  organism 
in  its  struggle  to  exist,  and  it  may  therefore  rightly  be 
thought  of  as  part  of  an  evolved  mechanism  of  Repair^ 
in  which  may  be  included  the  circulatory  apparatus,  and 
with  it  would  also  be  involved  phagocytosis,  there  seems 
ground  for  thinking,  at  least  in  the  higher  organisms. 

The  instances  met  with  in  plants,  as  well  as  in  animals, 
in  which  particular  regions  and  tissues  are  thus  specially 
endowed  with  reparative  and  regenerative  faculties,  are 
perhaps  most  conspicuous  and  striking  where  a  provision 
in  advance  is  made  for  an  event  which  in  some  cases 
occurs  physiologically  and  regularly,  and  in  others  as  a 
casualty,  and  these  are  to  be  regarded  as  strongly  cor- 
roborative of  the  view  above  advocated.  Thus,  excluding 
the  fall  of  the  leaf  and  fruits,  and  also  the  allied 
phenomena  in  some  of  the  lower  animals,  as  being  regular 
and  physiological,  I  would  point  to  the  provision  in 
advance  in  many  forest  trees  for  a  repair  of  the  wounds 
caused  by  fallen  branchlets,  the  fall  of  which  is  a  casualty, 
and  yet  is  there  found,  at  the  part  at  which  the  breach  of 
continuity  takes  place,  a  specially  endowed  tissue  which 
ensures  an  early  Repair ;  although  the  case  is  pathological 
in  some  degree. 

Perhaps  even  more  striking  are  those  cases  in  animals, 
in  which  some  crustaceans  and  echinoderms  readily 
break  off  a  limb  or  a  ray  when  it  is  injured  ;  and  do  so 
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at  a  part  where  there  is  a  local  provision  in  advance 
for  a  prompt  Repair^  usually  in  these  cases  organ  or 
member  regeneration,  rather  than  at  the  part  actually- 
injured. 

It  may  be  said,  therefore,  that  all  organisms  Repair 
casual  injuries  as  well  as  normal  ones  ;  and  in  so 
doing,  often  tend  to  complete  the  original  form  and 
structure  by  restoring  the  loss  ;  that  this  applies  to  uni- 
cellulars  and  to  multicellulars,  to  animals  and  to  plants  ;, 
that,  as  a  result  of  each  such  Repair^  the  individual 
organism  which  had  suffered  loss  is  often  completed,  and 
so  it  tends  to  become  viable  ;  but  it  does  not  do  so 
directly,  or  constantly,  and  it  does  not  always  so  multiply 
the  organism  ;  while  the  separated  portions  of  such  an 
organism,  if  not  capable  of  a  similar  faculty  of  com- 
pleting an  individual,  die  after  a  short  period  of  a  futile 
vital  effort,  such  as  we  see  in  the  cut-off  ends  of  a 
stylonichia  or  an  earth-worm,  the  amputated  limb  of  a 
triton  or  of  a  man. 

Some,  however,  of  the  cut-off  parts  isolated  from  the 
main  mass  of  some  organisms,  are  capable  of  completing 
an  individual  organism,  which  parts  may  then  be  viable  ; 
and  in  these  cases  the  regeneration  is  at  least  indirectly 
reproductive,  and  so,  out  of  grave  injuries  as  factors  in 
the  causes,  there  can  thus  spring,  as  a  later  effect,  a 
multiplication  of  viable  organisms,  given,  certain  con- 
ditions of  the  injured  organism,  of  its  segments,  or 
fragments,  and  of  the  environment.  Such  reproductive 
regeneration  is  seen,  as  has  been  said,  commonly  in 
unicellulars,  but,  perhaps  in  consequence  of  the  greater 
facilities  for  observation,  much  better  in  the  simpler  multi- 
cellular animals — only,  however,  in  their  lower  forms  ; 
while  in  plants  it  is  seen,  up  to  the  highest  and  most 
complex  forms,  as  in  ordinary  propagation  by  cuttings. 
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In  all  cases,  reproductive  regeneration  demands,  as 
has  been  said,  a  certain  minimum  mass  of  the  organism 
in  the  segment  isolated,  and  the  presence  in  it  of  certain 
structures,  of  which  the  most  constant  are  nuclear-plasm 
plus  cytoplasm,  which  alone  may  suffice  for  unicellulars, 
and  perhaps  also  for  some  of  the  very  simplest  aggrega- 
tions thereof.  It  may  be  that  even  a  segment  of  an 
amoeba  demands  a  certain  mass  of  store  growth-material, 
as  a  condition  of  its  regenerative  reproduction.  But,  in 
multicellulars  of  more  complex  structure,  up  to  the  limits 
within  which  it  can  occur  at  all,  reproductive  regeneration 
demands  the  presence  in  the  separated  fragment  also  of 
complete  cells,  with  all  their  faculties  and  growth-materials. 

These  organisms  in  the  lower  forms,  whether  animals 
or  plants,  are  very  little  differentiated  and  specialised,  as  is 
seen  in  hydra  and  in  funaria  ;  but  they,  as  a  group,  given 
suitable  cultivation  conditions,  can  then  produce  a  new 
organism  for  each  segment,  usually  by  completing,  in 
some  mode,  each  fragment  into  the  form,  and  with  the 
attributes,  of  the  original  organism  of  which  it  was 
a  part. 

In  the  higher  animals  such  reproductive  regeneration 
is  unknown,  as  the  structure  and  the  attributes  of  the 
organism  become  more  complex  and  specialised.  In 
Crustacea,  batrachia,  and  reptilia,  it  is  represented  only  by 
organ  or  member  regeneration  ;  and  at  length  in  the 
highest,  in  man,  by  cell  and  tissue  regeneration,  which 
resolves  itself  finally  into  a  cell-proliferation  with  develop- 
ment. It  is  mainly  in  regard  to  cell,  tissue,  and  organ 
regeneration,  that  it  can  be  said  Repair  of  casual  injuries 
is  commonly  effected  by  more  or  less  specialised  parts,  so 
endowed  as  a  result  of  evolution  and  a  survival  of  the 
fit ;  for  in  the  reproductive  regeneration,  as  above  it  has 
been  spoken  of,  it  would  seem  that,  the  less  the  specialisa- 
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tion  of  the  parts,  the  greater  is  the  aptitude  of  each  small 
separated  part  to  grow  into  a  complete  organism  ;  and 
pathologically,  or  in  the  Repair  of  injuries,  reproductive 
regeneration  is  less  markedly  limited  to  particular  parts 
or  tissues.  In  some  higher  plants,  as  in  willows  and 
poplars,  it  is  true,  there  is  some,  though  only  an  apparent, 
contradiction  to  this  general  statement  ;  seeing  how 
readily  they,  in  the  course  of  their  Repair  of  grave  casual 
injuries,  reproduce  the  organism,  usually  by  or  through  a 
process  of  completion. 

The  contradiction  is,  however,  in  these  cases  more 
apparent  than  real,  for  in  them  also  the  first  and  most 
constant  response  is  a  cell  or  tissue  regeneration,  after 
which  follow  organ  and  member  regeneration,  and  at 
length  sometimes  a  reproductive  regeneration  ;  usually, 
however,  only  as  a  later  result  of  the  growth  and  develop- 
ment of  a  regenerated  organ,  which  is  sometimes  itself 
only  an  awakened  growth  of  a  pre-existing,  but  dormant, 
bud-germ  ;  although  sometimes  without  doubt  a  newly 
formed  one,  as  is  well  shown  in  Hartig's  experiment. 

§  50.  Repair,  then,  it  may  be  repeated,  is  another 
name  for  "  the  universal  physiological  law  of  nature," 
and  almost  a  synonym  for  the  more  ancient  "  vis  medi- 
catrix  naturae,"  and  within  its  meaning  I  here  include  all 
the  regenerations.  Starting  from  the  physiological  idea 
of  nutritive  repair  of  waste  and  of  functional  expenditure, 
and  assuming  the  persistence  of  this  faculty  as  an  essential 
of  life,  however  long  and  profoundly  it  may  under  certain 
conditions  slumber,  it  may  be  said  that  the  "  universal 
physiological  law  of  nature "  is  seen  in  operation  in  all 
regenerations,  normal  and  abnormal,  after  a  normal  or  a 
•casual  injury  to  a  cell  or  a  tissue  or  an  organ  ;  and 
Repair  is  manifested  then  in  all  cases  by  proliferations  of 
structural  units  of  cells,  or  of  cells  themselves,  or  of  both. 
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with  a  subsequent  development,  and  it  is  effected  by  the 
regenerative  reproductions  of  units  of  both  orders. 

This  conception  excludes,  or  does  not  include,  the  idea 
of  Repair  or  of  regeneration,  as  a  truly  pathological  one  ; 
and  although,  in  Repair  or  in  regeneration  after  casual 
injuries,  the  injury,  the  condition  precedent,  was  abnormal, 
the  process  itself  is  here  thought  of  as  only  a  normal 
one  ;  not  less  so  than  the  very  closely  allied  one  of  the 
Repair  of  normal  injuries,  which  are  often  massive,  and 
are  seen  in  all  organisms,  especially  during  growth  and 
development,  resting  upon  the  same  faculties,  and  mani- 
fested by  essentially  similar  phenomena. 

In  this  way,  a  sufficiently  sharp  line  of  distinction  is 
drawn  between  Repair  and  Inflammation^  the  antagonism 
of  one  with  the  other  is  made  comprehensible,  and  is 
still  consistent  with  the  doctrine  that  the  reparative 
faculties  are  presupposed  in  Inflammation^  and  are  even 
effective  agents  in  producing  the  damage,  seen  in  the  fifth 
sign,  so  constant  in  it,  under  the  misdirection  of  the 
irritant  actions. 

Regeneration  has,  however,  been  studied  very  much  as 
if  it  were  not  a  part  of  Repair^  and  very  much  as  a 
separate  subject ;  yet  has  it  been  so  freely  acknowledged 
that  it  is  reparative  in  its  effects,  that  I  make  no  apology 
for  here  dealing  with  it  as  a  part  of  Repair  in  a  wide 
and  proper  sense  of  the  term. 

Regeneration  after  casual  injuries  may  conveniently  be 
grouped  into  three  main  forms,  which,  when  compared 
and  legitimately  combined,  help,  I  think,  to  a  clearer 
conception  of  Repair  in  the  broader  yet  true  meaning  of 
the  word,  {a)  Thus,  a  regeneration  of  lost  parts  of  a  cell 
or  of  a  tissue  is  the  Repair  of  the  same,  in  which  a  defect 
is  made  good,  or  approximately  so,  by  a  proliferation  of 
the  structural  units  of  a  cell,  or  of  the  cells  themselves, 
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with  subsequent  development,  given  normal  conditions  of 
environment,  and  of  the  responding  remainder  of  the 
injured  organism.  This  form  is  universal  in  all  organisms, 
and  in  all  the  three  forms  of  regeneration.  It  often 
occurs  without  the  other  forms  ;  but  these  are  never  found 
without  it,  so  that  it  is  often  met  with  alone,  even  in  the 
highest  organisms,  at  least  in  the  adult,  in  which  the  other 
forms  do  not,  or  may  not,  occur.     It  is  always  efficient. 

(h)  Regeneration  of  lost  members  or  organs  after  casual 
injuries  is  a  Repair  of  the  organism  in  which  the  lost  parts 
are  restored,  the  organism  is  completed,  and  may  thus 
once  more  become  a  viable  whole,  by  a  process  which 
includes  the  above-named  proliferations  of  structural  units 
of  cells,  and  of  cells,  with  development  into  tissues,  as  in 
(a),  and  it  includes  manifestations  of  what  may  have  been 
designated  by  Virchow's  expression  "  formative  force," 
under  the  normal  exertion  of  which  the  regenerated  mass 
takes  on  the  form,  dimensions,  structure  and  faculties  of 
the  lost  parts.  It  does  not  occur  in  all  organisms,  or  in 
all  parts  alike  of  those  which  may  display  it  ;  it  is  absent 
in  the  highest  and  most  complex  of  all,  and  it  is  better 
seen  in  animals  below  the  highest,  and  above  the  lowest. 
It  does  not  occur  in  the  highest,  apparently  because  in 
them  the  organs  and  members  are  too  much  specialised, 
and  have  lost,  or  have  not  acquired,  this  faculty  ;  and 
perhaps,  because  in  them  the  greater  relative  efficiency  of 
{a)  renders  it  less  important.  It  is  well  marked  in  plants. 
It  does  not  occur  in  the  very  lowest  organisms,  for  the 
sufficient  reason  that  they  have  neither  members  nor  organs. 
See  the  unicellulars  and  the  simpler  aggregations  thereof. 

(/)  Regeneration  of  organisms,  or  reproductive  re- 
generation after  casual  injuries,  is  the  Repair  of  the 
organism,  in  which  lost  parts  are  restored,  the  organism  is 
completed  and  rendered  viable,  not  only  as  in  (<^),  from  the 


SECTION   V:    ITS   LIMITATIONS         287 

remaining  principal  mass,  so  as  to  complete  the  individual, 
but  also  from  each  one  of  two  or  more,  often  very  minute 
fragments  of  one  organism  ;  and  thus  a  multiplication  of 
individuals  may  occur,  each  of  which  is  viable,  if  the 
cultivation  conditions  be  suitable.  This  is  effected  by  a 
process,  or  series  of  steps,  which  are  often  in  essentials  the 
same  as  those  in  {a)  and  in  (J?)  ;  so  that  in  it  we  find 
proliferations  of  structural  units  of  cells,  or  of  cells  them- 
selves, with  development  into  tissues,  and  a  further  growth 
and  development  into  other  tissues,  and  also  a  growth 
with  development  into  organs  or  members  ;  until  from 
each  fragment  a  complete  and  viable  organism  results, 
unless  the  fragment  had  contained  less  than  the  needful 
minimum  mass  ;  and  this  process,  it  may  be  said,  occurs 
under  the  direction  and  guidance  of  the  "formative  force" 
of  the  organism. 

Subject  to  the  adequacy  of  the  mass,  and  also  of  the 
structure  and  composition  of  the  fragment,  and  of  the 
cultivation  conditions,  a  multiplication  of  individuals  thus 
depends  on  the  injury,  or  the  position  of  the  section,  say 
of  a  stentor  or  of  a  stylonichia,  and  such  a  faculty  of 
regenerative  reproduction  is  useful  to  the  species. 

This  reproductive  form  of  regeneration  is  seen  only  in 
the  lowest  animals,  and  in  plants.  Such  a  reproductive 
regeneration,  however,  somewhat  resembles  normal  cell- 
division  during  the  life  and  growth  of  tissues,  and  was 
thought  of  by  Virchow,  and  since  his  day  by  others,  as 
implying  necessarily  the  death  of  the  dividing  or  pro- 
liferating cell ;  but  this  is  not,  I  think,  a  tenable  doctrine, 
for  the  dividing  cell  is  always  exerting  a  normal  living 
faculty,  and  the  result  always  is  an  increase  in  the  number 
and  in  the  quantity  of  living  things.  It  is  absent  from 
many  of  those  organisms  of  an  intermediate  station,  in 
which  organ  or  member  regeneration  is  more  common. 
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There  is  some  reason  to  think  it  may  be  associated  in 
those  organisms  in  which  it  does  occur  with  a  persistence 
in  them  of  a  faculty  of  reproduction  by  fission,  but  this  I 
cannot  affirm  with  confidence. 

In  plants  it  is  much  more  widely  spread  than  in 
animals  ;  it  is,  in  fact,  almost  universal  in  them,  although 
even  in  them  it  is  most  marked  in  the  lowest. 

In  these  remarks,  I  have  dealt  with  reproductive 
regeneration  when  seen  in  detached  fragments  of  an  organ- 
ism, as  if  it  were  always  and  solely  brought  about  by 
a  process  in  which  an  injured  part  is  first  completed  to  a 
normal  phase.  But  this  is  not,  I  think,  always  so,  and 
sometimes  a  new  organism  is  said  to  be  produced  from  a 
new  meristematic  group  of  cells  which  afterwards  develop. 

§51.  Repair  J  then,  is  thought  of  here  as  including  re- 
generation in  all  the  three  modes  given  above,  as  having 
for  its  most  constant  factor  efficient  proliferation  of 
structural  units  of  cells,  and  of  cells,  and  tissues,  and  as 
being  an  evolved  intrinsic  faculty,  liable  to  be  perturbed 
in  all  its  modes  ;  and  when  it  is  perturbed  by  "injurious 
irritation,"  as  presenting  us  with  that  series  of  changes 
we  know  as  Inflammation  ;  which  itself  is  not  here 
accepted  as  a  directly  evolved  or  normal  faculty.  But  it 
is  not  herein  said,  or  implied,  that  all  the  almost  infinitely 
varied  modes  of  disturbance  of  Repair  which  are  met 
with  in  nature,  however  conditioned,  are  rightly  to  be 
considered  as  manifesting  Inflammation. 

Doubtless,  it  would  be  quite  consequent  to  group  all 
the  modes  of  damaging  and  inefficient  Repair  processes  in 
one  greater  common  category,  which  could  be  held  to 
include  the  Inflammation  process  with  others  ;  but  it 
•  would  be  at  least  equally  legitimate  to  place  some  of  them 
in  a  different  category  of  less  width,  or  in  a  separate 
group  ;  that  is,  those  exertions  of  the  reparative  faculties 
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which  are  otherwise  inefficient,  and  to  which,  at  least  pro- 
visionally, may  here  be  given  the  name  of  abnormalities 
of  Repair ;  the  characters,  if  not  the  causal  factors,  of 
which  enable  them  to  be  distinguished  from  Inflammation^ 
though  they  are  certainly  very  closely  allied  thereto  in 
some  very  important  and  even  essential  respects. 

Provisionally,  then,  I  adopt  this  expression,  abnormality 
of  repair ;  and  separate  these  abnormal  reparative 
responses  and  processes  from  those  which  are  due  to 
a  perturbation  of  Repair ^  are  excited  by  "  injurious 
irritation,"  and  are  here  known  as  Inflammation  ;  and  I 
place  them  with  the  malformations  in  the  domain  of 
teratology,  and  assume  that  in  them  "  injurious  irrita- 
tion "  is  not  a  constant  or  an  essential  factor  in  their 
etiology.  The  expression,  "  abnormalities  oi Repair^'  here 
provisionally  adopted,  and  distinguished  from  the  "  per- 
turbations of  Repair^'  is,  I  grant,  open  to  criticism  ;  and 
hence  its  use  is  only  provisional.  I  might  have  used 
the  expression,  "  inadequacy  of  the  reparative  faculties 
of  structures  "  ;  but  I  adhere  at  present  to  the  term  as 
above  adopted,  because  it  is  more  comprehensive,  and 
although  not  altogether  satisfactory,  I  cannot  mend  it. 

To  some  slight  extent,  therefore,  I  must  now  qualify 
or  limit  the  expression  "  perturbation  of  repair "  as  it 
was  used  in  my  attempted  definition  of  inflammation 
in  the  address  "On  Some  Diseases. of  Plants  compared 
with  those  of  Man  (1892,  and  reprinted  1903),  in  which 
no  adequate  attention  was  given  to  malformations,  or 
to  their  etiology,  and  no  sufficient  separation  was  made 
between  them  and  Inflammations.  These  abnormal  modes 
of  reparative  responses,  or  of  some  of  their  near  allies, 
have  already  been  spoken  of,  and  grouped  among  the 
reparative  regeneration  phenomena,  in  {F)  and  (^),  i.e. 
those  which  include   organ    and    organism    regeneration, 
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if  they  are  imperfect,  or  from  any  causes  or  conditions 
inefficient  ;  and  it  is  beyond  doubt  that  some  of  those 
placed  in  group  {a)  are  also  present  in  the  focus  of  change, 
when  the  needful  conditions  for  an  efficient  Repair  are 
not  present. 

%  ^la.  The  malformations,  or  abnormalities  of  Repair, 
are  etiologically  not  well  known  ;  perhaps  they  are  not 
possible  to  be  so  in  all  organisms  ;  they  do  not  all  of 
them,  and  always,  show  well  any  damage  done  in  the 
process,  or  by  it,  although  they  often  do  so,  whatever 
may  be  shown  in  the  ultimate  product,  as  a  consequence 
of  some  probably  past  event  or  injury.  As  a  whole, 
they  have  been  studied  chiefly  in  connection  with 
teratology,  and  very  much  apart  from  their  antecedent 
or  concurrent  conditions  or  causes,  of  which  but  little  is 
known. 

It  is  therefore,  I  think,  expedient  to  limit  here  the 
use  of  the  expression  perturbation  of  repair,  in  its  relation 
to  the  Inflammation  idea,  to  those  damaging  or  inefficient 
reparative  responses  to  irritant  actions  or  "injurious 
irritations "  persisting  in  the  focus,  and  resulting  in  a 
product  showing  relations  of  fitness  to  the  irritant  ;  and 
so  therefore  to  make  it  a  technical  one,  and  to  use  the 
expression  abnormalities  of  repair  also  in  a  limited  and 
technical  sense,  for  those  other  varied  and  inefficient 
reparative  changes  which  are  otherwise  caused  and  con- 
ditioned, in  modes  which  are  but  little  known,  and  yet 
demand  careful  attention. 

They  must  be  distinguished,  however,  from  the 
responses  to  "injurious  irritation,"  which  is  a  constant 
condition  precedent  and  concomitant  of  an  Inflammation 
■  proper.  In  this  way  a  sufficiently  well-marked  distinction, 
I  think,  can  be  drawn,  between  the  inefficient  and  almost 
always    damaging   series    of  changes    met    with    in    mal- 
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formations,  and  those  we  know  of  in  Inflammations^  which 
also  are  always  damaging.  For  in  the  former,  although 
they  are  also  due  to  the  inefficiency  or  inadequacy  of  the 
intrinsic  reparative  faculties,  as  conditioned,  they  are  not 
always  determined  by,  or  directed  by,  persisting  con- 
comitant "injurious  irritant  actions,"  or  related  fitly  in 
the  results  to  the  irritant  ;  they  show  no  specific  relations 
to  a  persisting  "  injurious  irritation,"  and  from  our  very 
general  ignorance  of  the  injuries  or  conditions  assumed 
to  have  caused  them  somehow,  we  can  trace  in  them 
neither  quantitative  nor  qualitative  relations  to  the  initial 
injury,  such  as  we  can  find  in  the  efficient  reparative 
responses  of  Repair  proper,  nor  any  similar  relations  to 
extrinsic  injurious  irritant  actions. 

The  common  and  convenient  practice  is  to  classify 
malformations  in  accordance  with  their  anatomical 
characters,  without  much  or  definite  reference  to  their 
etiology,  which  is  indeed  too  little  known. 

Thus,  I  defend  and  justify  at  present  the  separation 
above  given  of  the  expression  "  perturbation  of  repair  " 
from  abnormality  of  it,  and  use  both  the  former  and  the 
latter  in  limited  and  technical  senses  ;  so,  however,  as 
to  remember  always  that  in  nature  processes  are  often 
very  much  mixed  and  overlap,  and  that,  in  many 
teratological  processes,  true  Inflammation  is  very  often 
associated.  It  will,  I  hope,  be  shown  in  the  following 
pages  that  some  at  least  of  the  conditions  precedent,  i.e. 
the  causes  of  malformation  processes,  are  traceable  in 
the  effects,  that  is,  in  the  characters  of  the  response, 
in  its  phases  of  development,  and  in  the  extent  and 
characters  of  the  injury  possibly  seen  in  it;  that  is,  the 
causes  may  be  seen  as  frequent,  if  not  constant,  ante- 
cedents of  such  events  ;  and  thus  some  little  approach 
is    at   least   attempted,    towards    an    intelligible    etiology 
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of  malformations,  as  well  as  a  distinction  drawn  between 
them  and  Inflammations. 

It  has  been  said  above  that,  in  the  more  or  less 
efficient  reparative  regenerative  phenomena,  as  grouped 
in  {¥)  and  (<:),  those  of  the  group  {a)  also  are  constantly 
present  in  all,  i.e.  both  in  the  efficient  and  the  inefficient 
responses,  at  least  in  some  grades,  and  with  some  recog- 
nisable characters  ;  so  that  in  all,  the  Repairs.^  the  perturba- 
tions and  the  abnormalities  of  it,  the  [a)  responses  are  never 
wanting,  and  thus  they  may  serve  as  a  connecting  link 
for  all  the  members  of  the  groups  of  reparative  responses, 
and  of  the  inflammatory  and  teratological  ones  ;  and  it  is 
noteworthy  here  that  they  are  met  with  in  all  living 
organisms,  which  cannot  yet  be  said  of  {h)  and  (c),  or 
confidently  of  malformations  generally.  The  characteristics 
of  the  responses  to  perturbations  of  repair  determined  by 
irritant  actions,  i.e.  in  Inflammations^  and  seen  in  all  living 
organisms  under  certain  conditions,  are  thus  associated 
always  with  some  proliferations  of  structural  units  and  of 
cells,  with  developments  thereof,  often  specific  ;  and  yet 
they  differ  appreciably  from  the  progressive  and  prolifera- 
tive phenomena  seen  in  the  teratological  processes,  although 
both  series  contain  very  closely  allied  proliferative  changes  ; 
and  the  casual  conditions  determining  their  production 
differ,  in  abnormality  of  Repair.,  from  those  which  deter- 
mine a  perturbation  of  Repair  or  Inflammation. 

In  the  teratological  abnormalities  of  a  repair  process, 
then,  the  regenerative  series  of  events  placed  in  group  {a) 
are  as  essential  and  constant  as  they  are  in  the  pertur- 
bation responses  after  "injurious  irritation,"  and  called 
Inflammation^  or  in  the  efficient  process  of  a  simple  Repair. 
In  all,  we  have  operative  the  evolved  intrinsic  reparative 
faculties  which  all  organisms  possess,  although  differently 
conditioned,  and  in  all  the  parts  live. 
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It  comes  out,  then,  that  the  processes  met  with  only  in 
some  organisms,  and  under  some  relatively  fewer  con- 
ditions, are  less  universal,  and  form  a  narrower  category, 
than  those  which  are  present  in  all  living  things,  while 
they  live.  The  teratological  group  of  processes  is  thus 
in  a  narrower  category  than  the  intrinsic  reparative  ones, 
and  than  the  Inflammatory  ones. 

The  teratological  abnormalities  of  Repair  which  result 
in  the  production  of  malformations,  and  sometimes,  not 
always,  are  seen  among  the  regenerative  groups  (^)  and 
(f),  are  frequently  limited  to  parts  of  an  organism,  or  to 
some  only  of  its  phases  of  development,  and  then  are 
obviously  dependent  in  a  great  degree  upon  the  evolved 
intrinsic  reparative  faculties  of  the  organism,  or  the  part  of 
it  affected,  at  that  stage  of  its  life  ;  but  in  part  also  upon  the 
initial  injury  of  the  organism,  that  is,  on  the  causal  conditions. 
So  that  ova,  embryos,  larvae,  and  younger,  as  yet 
imperfectly  developed,  tissues  or  organisms,  or  parts  of 
them,  which  so  often  give  us  examples  of  the  production 
of  malformations,  in  a  very  close  alliance  with  the  regenera- 
tive forms  {jy)  and  (c),  do  so  largely  in  dependence  upon 
the  exceptional  intrinsic  reparative  faculties  which  mark 
that  phase  of  their  life-cycles  or  that  structure,  and  show, 
at  least  relatively,  a  much-reduced  liability  so  to  react,  in 
the  more  adult  tissues  and  organisms. 

It  should  here  be  remembered  that  pure  Repair  and  its 
perturbation  in  an  inflammatory  response  are  also  met 
with  in  ova  and  in  embryos  and  in  immature  parts  of 
tissues,  as  well  as  malformations ;  and  that  it  is  not  an 
exclusive  or  diagnostic  feature  of  a  malformation  to  be 
produced  in  such  a  nidus,  or  to  be  congenital,  or  hereditary, 
as  is  often  said  ;  although  it  is,  I  think,  true  to  say  that 
teratological  products  are  more  frequently  congenital,  and 
hereditary,  than  are  inflammatory  ones. 
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Here  have  been  given,  I  think,  sufficient  grounds  for 
the  expediency  of  separating  the  study  of  abnormalities 
of  Repair,  or  malformations,  from  the  perturbations  of 
Repair,  or  Inflammations,  and  of  pure  Repair,  with  the 
proviso,  that  all  the  processes  are  very  intimately 
associated,  and  have,  for  a  common  and  essential  factor, 
the  evolved  intrinsic  reparative  faculties  present  in  all 
organisms,  and  also  always  present  various  proliferative 
phenomena.  A  reason  is  also  given  herein  for  such  a 
separation  upon  more  logical  grounds  than  mere  expedi- 
ency, and  indeed  such  as  show  some  of  the  essential 
distinctions  between  the  products  of  an  Inflammation,  of 
a  malformation,  and  of  a  Repair  proper. 

§  51^.  It  will  be  interesting  here  to  give  some  examples 
of  malformation  production,  seen  in  some  regenerative  re- 
sponses, and  to  trace  their  etiology  as  far  as  is  possible  ; 
although  it  is  granted  that  a  satisfactory  etiology  is  not 
known. 

See,  for  example,  the  cases  in  which,  as  in  a  hydra, 
or  a  tubularia,  or  a  plant  cutting,  the  segment  separated 
is  unable,  either  from  its  too  small  mass,  or  from  its 
incompetence  in  structure,  or  in  composition,  to  produce 
a  viable  organism,  even  when  cultivated  under  good 
conditions,  and  although  competent  to  grow  and  to 
develop  an  imperfect  approach  towards  the  normal  form. 

In  this  respect  it  is  convenient  to  study  first  the  con- 
ditions which  may  determine  the  production  of  abortions. 
When  the  separated  or  injured  responding  thing  is  too 
small,  or  imperfect  in  structure,  or  composition,  then  any 
product  of  an  inefficient  regenerative  attempt  at  the  repro- 
duction of  an  organism  from  it  would  be  rightly  called  an 
abortion,  and  it  is  in  some  respects  distinguishable  from 
other  malformations,  while  it  can  scarcely  be  rightly  called  a 
perturbation  of  regeneration,  or  a  misdirected  effiDrt  at  Repair, 
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such  as  I  consider  Inflammation  to  be.  Rather,  it  is  to  be 
thought  of  as  an  abnormally  inadequate  product  of  a  re- 
parative process,  in  which  the  requisite  conditions  for  ade- 
quacy had  not  been  given,  or  were  themselves  inadequate. 

A  viable  organism  cannot  arise  out  of  an  ovum,  or  a 
segment  of  one,  or  out  of  an  adult  which  for  any  reason 
did  not  contain  one  potentially,  suitable  conditions  of  the 
environment  being  granted.  The  abortion,  however, 
although  not  viable,  does  usually  present  us  with  some 
indications  that  it  has  made  an  attempt,  even  although 
a  futile  one,  to  produce  a  complete  organism,  and  this 
is  shown  in  its  form  and  structure. 

In  this  respect  it  is  marked  off,  though  often  by  not 
very  sharp  lines,  from  the  simpler  regressive  changes  seen 
in  a  still  smaller  and  less  competent  separated  segment, 
as  a  detached  cilium,  or  a  fragment  of  cytoplasm,  quite  free 
from  nuclear-plasm,  or  in  the  more  complex  and  larger 
tentacles  of  a  hydra,  or  in  the  separated  ends  of  an  earth- 
worm, the  limb  of  a  triton,  the  muscle-nerve  preparation, 
or  the  separated  heart  of  a  frog,  in  all  of  which,  even 
although  in  some  of  them  there  may  be,  and  I  think  must 
be,  some  little  admixture  of  a  proliferative  effort,  or  pro- 
duction of  structural  units,  and  even  of  cells,  especially  in 
the  larger  and  more  complex  masses  of  tissues  and  organs, 
which  functionate  for  a  while ;  it  may  be  said  also  there 
is  a  regression,  and  a  passage  through  many  stages  to 
necrosis,  and  disintegration. 

See,  for  an  example  of  a  dwarf  production,  the  figure  of 
Tubularia  mesemhryanthemum  given  in  his  Regeneration 
by  T.  H.  Morgan  (1901),  which  shows  the  minimum 
segments  of  a  cleaving  ovum  which  can  present  repro- 
ductive regeneration,  and  the  changes  met  with  in  those 
below  the  efficient  minimum  size.  Such  a  malformation 
is  closely  allied  to  an  abortion. 
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An  abortion,  then,  would  seem  to  be  the  result  of  an 
attempt  to  reproduce  an  organism  out  of  insufficient  or 
unsuitable  structures  or  materials,  which  attempt  fails 
partially,  but  yet  so  far  succeeds  as  to  show  in  the  product 
some  semblance  of  the  perfect  form,  enough  to  enable  it 
to  be  recognised,  but  not  enough  to  enable  it  to  survive 
as  a  viable  organism,  even  under  the  best  possible 
conditions  of  the  environment ;  and  it  is  for  these  reasons 
that  its  changes  are  in  part  at  least  regressive  ones. 
Such  an  abnormality  of  Repair  it  is  necessary  to  exclude 
from  a  perturbation  of  Repair ,  as  related  to  Inflammation^ 
in  the  sense  in  which  it  is  dealt  with  here. 

But  it  must  be  remembered  that  in  concrete  cases  such 
an  intricate  admixture  often  occurs,  and  such  numerous 
and  delicate  transitions  are  met  with,  that  it  is  often 
difficult,  if  not  impossible,  to  say  confidently  of  an  in- 
dividual example,  whether  it  is  an  abortion  or  some 
other  mode  of  malformation,  or  an  Inflammation,  or  all 
three  mixed  up. 

Gradations  are  found,  at  one  margin  of  which  minimum 
segments  or  fragments  occur  which  attempt  to  produce 
an  organism  and  fail,  but  pass  on  through  an  almost  in- 
finite series  of  grades  into  complete  and  sometimes 
apparently  viable,  but  dwarf  products,  which  are  therefore 
not  simple  abortions ;  and  at  another  margin  occur 
abortions  proper,  passing  through  an  equally  numerous 
and  delicate  series  of  stages  to  a  regressive  series  of 
changes  which  involve  necroses  ;  and  even  within  the 
regressive  series  of  changes  there  are  included  often, 
perhaps  always,  some  proliferative  phenomena  of  structural 
units  of  cells,  and  of  cells  themselves,  which  are  usually 
called  progressive  ;  and  yet  in  these  cases  also,  they  are  so 
only  for  a  brief  space  of  time,  so  that  in  the  end  they  may 
perhaps  have  tended  to  shorten  rather  than  to  lengthen 
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the  life-period  of  the  fragment,  much  in  the  way  that 
certain  functional  efforts  such  as  movements  do  ;  and  yet, 
like  the  said  movements,  they  were  necessary  consequences 
of  the  evolved  intrinsic  faculties  of  the  cells,  cell-com- 
ponents and  complexes,  acting  automatically,  yet  doubt- 
less somewhat  influenced  by  the  conditions,  paradoxical  as 
this  may  seem. 

In  all  these  cases  of  abnormality  of  Repair  and  of 
malformation  production,  "  injurious  irritation "  of  the 
fragment,  which  should  be  thought  of  as  undergoing  a 
form  of  inefficient  reproductive  regeneration,  or  as  making 
a  futile  effort  so  to  regenerate,  and  as  suffering  mainly  a 
regressive  yet  complex  series  of  changes,  is  assumed  to  be 
absent,  and  the  conditions  in  the  environment  are  assumed 
to  be  adequate  for  nutrition  and  proliferation. 

But  this  is  not  often  or  always  so  simple  in  nature  ;  and 
when  injurious  irritant  actions  do  intervene,  it  appears 
from  observation  certain  that  they  are  responded  to  by  the 
fragment,  in  part,  according  to  the  amount  and  character 
of  its  then  possessed  evolved  reparative  faculties,  which  in 
the  last  stage  of  the  regressive  series  of  changes,  namely, 
necrosis,  were  nil,  and  in  the  stages  near  but  prior  to  this 
were  slight,  and  in  the  progressive  or  formative  stages 
were  more  active  and  obvious,  and  in  part  according  to 
the  influence  of  the  irritant  actions.  Then  the  responses 
are  also  directed,  or  rather  misdirected,  by  such  "  injurious 
irritation,"  so  that  we  should  then  have  a  true  Inflammation 
as  an  admixture  in  the  process  of  the  production  of 
an  abortion,  but  not  as  a  necessary  part  of  it.  Such 
admixtures  are,  in  fact,  very  common  in  nature,  and  they 
illustrate  the  close  relation  in  essentials  of  teratology  and 
of  Inflammation. 

§  51^.  It  is  convenient  to  study  next  the  conditions 
which  determine  the  production  of  dwarfs.     The  cases  in 
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which,  from  an  egg,  a  single  blastomere,  or  a  segment  of  a 
blastukj  an  apparently  perfect  but  dwarf  embryo  is  formed, 
are  also  of  great  interest  in  this  connection  ;  and  as  they 
are  all  forms  of  an  attempt  at-  a  reproductive  regeneration, 
set  up  by  casual  injuries,  in  an  incomplete  part,  their 
relation  to  the  abortive  products  of  abnormalities  of 
Repair  must  be  here  considered.  Dwarfs  may  sometimes 
be  viable  ;  but  abortions  never  are  so. 

The  evolved  intrinsic  attributes  of  the  thing  which  is. 
irritated,  and  so  is  perturbed  and  responds,  are  essential 
factors  of  such  responses  in  Inflammation,  not  less  so  than 
are  the  perturbing  agents,  the  irritants,  and  their  attri- 
butes ;  and  observations  tell  us  also  that  in  some  very 
important  respects  the  evolved  intrinsic  attributes  of  a 
fertilised  ovum,  and  of  its  immediately  following  phases, 
differ  so  much  from  those  of  the  other  cells,  more  especially 
from  those  of  the  tissue-cells  which  are  the  components  of 
adult  and  complex  organisms,  that  it  is  requisite  here  to 
indicate  such  differences,  and  some  of  the  effects  thereof, 
in  modifying  the  responses  to  a  simple  injury  ;  and  a  like 
conclusion  is  to  be  drawn  in  respect  of  the  responses  to 
the  abnormalities  of  Repair,  that  is,  to  the  production  of 
malformations  such  as  abortions,  and  dwarfs. 

A  fertilised  ovum,  say  of  a  sea-urchin,  bisected,  behaves 
somewhat  like  a  bisected  amoeba,  or  a  stylonichia,  or  a 
stentor  ;  in  that  a  segment  containing  the  nucleus  com- 
pletes the  cell,  or  the  organism  ;  and  a  segment  devoid 
of  a  nucleus  does  not,  unless  it  be  separately  impreg- 
nated by  a  single  spermatozoon,  which  may  happen,  and 
then  it,  the  spermatozoon,  seems  to  take  the  place  of 
a  nucleus. 

•  Each  cutting  or  segment,  then,  produces  at  length  an 
apparently  complete  free  embryo,  which,  after  first  passing 
through  the  phases  of  cleavage,  of  blastula,  and  of  gastrula^ 
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produces  in  each  case,  as  a  result,  a  free  embryo  which  is  a 
dwarf,  and  may  perhaps  be,  but  is  not  always,  viable.  On 
the  whole,  I  think  it  would  most  often  not  be  viable  ;  if 
so,  it  would  be,  or  a  near  approach  to,  what  I  have  spoken 
of  above  as  an  abortion  ;  and  then  gradations  are  often 
found  between  it  and  a  dwarf. 

Suppose  the  non-nucleated  cutting  to  be  not  impreg- 
nated, it  regresses  as  does  a  fragment  of  cytoplasm  cut 
from  an  amoeba  ;  then,  the  nucleated  portion  alone  com- 
pletes an  organism,  and  we  have  a  case  of  Repair^  without 
a  regenerative  reproduction,  in  the  sense  of  a  multiplica- 
tion of  an  organism. 

However,  the  nucleated  cutting  of  the  impregnated 
ovum,  in  developing  and  differentiating  its  part  into  a  free 
embryo,  produces  then  only  a  dwarf,  which  is  doubtful  as 
to  its  viability  ;  while  the  nucleated  cutting  of  an  amoeba, 
or  of  a  stentor,  although  also  at  first  reduced  in  mass,  is 
viable,  that  is  to  say,  it  is  able  to  live  and  prosper,  in  the 
environment  ;  and  there,  acquiring  new  growth-materials 
and  conditions,  completes  its  bulk  and  structure,  and  soon 
propagates  its  kind.  It  has  not  first  to  pass  through 
appreciable  phases  of  development  before  it  can  feed  and 
grow,  as  the  fertilised  egg-cutting  has  to  do  ;  but  it  is 
saved  this  expenditure,  which  seems  to  exhaust  very 
much  the  stores  of  growth-material  or  of  energy  in 
the  &gg.      ^ 

Such  a  bisected  fertilised  Qgg,  therefore,  differs  from  a 
bisected  unicellular  organism  in  that  it  is  less  constantly 
capable  of  such  a  complete  regeneration  as  produces  one 
or  more  viable  individuals  ;  and  it  is  subject  to  the 
necessity  of  first  passing  through  certain  phases  of 
development  before  it  can  reach  that  measure  of  individ- 
uality of  life,  such  as  is  seen  in  the  free  larva,  before  it 
can  derive  the  necessary  growth-materials  or  energies  for 
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such  further  development  from  the  environment,  or  from 
the  stores  thereof  possibly  present  in  the  cutting  itself. 

The  fact,  however,  that  in  ova  such  intermediate 
developmental  phases  are  constant,  in  the  segments,  and 
the  fact  that,  in  the  event  of  the  production  of  a  definite 
specific  form  and  structure,  these  are  always  produced  by 
a  regular  series  of  differentiations,  further  distinguish  the 
phenomena  seen  after  a  bisection  of  a  fertilised  egg  from 
those  seen  after  the  bisection  of  a  unicellular  organism, 
show  that  the  former  is  endowed  with  some  character- 
istic, intrinsic,  important  attributes,  not  appreciably 
present  in  the  latter,  and  so  that  it  differs,  perhaps  still 
more  widely,  from  the  regenerative  proliferative  attributes 
of  the  tissue-cells  of  complex  adult  organisms.  Such 
differences  in  the  intrinsic  reparative  attributes  of  the 
organism  or  part  injured  demand  careful  attention  in 
studying  the  responses  to  injury,  or  to  "  injurious 
irritation,"  effected  by  the  automatic  reparator,  of  what- 
ever kind  or  structure  ;  and  this  is  so  also  of  all  the 
phenomena  seen  in  malformation  production,  after  abnor- 
malities of  the  reparative  faculties. 

The  observations  made  by  bisecting  a  fertilised  but  not 
yet  segmenting  egg  show  clearly  enough  the  dependence  of 
the  resulting  free  embryos  as  regards  size  upon  the  mass 
of  each  fragment,  or  of  the  cutting  which  reproductively 
regenerates  ;  but  this  fact,  and  some  others,  indicating 
a  distinction  of  importance  between  the  regenerative 
responses  of  a  fertilised  ovum  or  an  embryo,  and  those 
of  free  or  tissue-cells,  or  of  free  adult  organisms, 
unicellular  and  not,  are  better  seen  in  the  results  of 
observations  made  on  separated  blastomeres,  and  on 
•sections  of  a  blastula,  or  on  the  gastrula  stages  of  em- 
bryonal development,  especially  in  the  invertebrata. 

Thus,   it    appears  established   that    the  bulk  of  a  free 
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embryo,  so  produced,  is  proportionate  to  that  of  the 
separated  fragment  of  a  segmenting  egg  ;  so  that  this 
bulk  is  half  the  norm  when  the  newly  regenerated  embryo 
is  derived  from  one  of  the  first  two  cleavage-masses  or 
cells  ;  and  when,  as  may  happen,  a  gastrula  stage  of  the 
embryo  is  developed  from  a  blastomere,  only  one-sixteenth 
of  the  whole  ovum,  the  resulting  free  embryo  has  the 
same  proportion,  if  it  then  develops  an  embryo  at  all. 
But  it  is  clear  that  the  chances  of  producing  a  free 
embryo  at  all  are  greater  with  the  larger  blastomeres, 
and  less  with  the  smaller  ones  ;  and  the  chances  of 
viability  of  such  embryo  diminish  as  does  the  size  of 
the  blastomere  out  of  which  it  springs.  So  that  the  mass 
of  the  segment  is  a  very  important  factor  in  the  produc- 
tion of  abortions,  or  of  dwarfs. 

A  very  similar  result  appears  after  sections  of  the 
blastula  stage  of  an  echinoderm  ovum,  and,  though  less 
clearly  seen,  it  comes  out  also  at  the  later,  or  gastrula 
stage  ;  and  in  all  the  bulk  of  the  produced  embryo  is 
proportionate  to  that  of  the  segment  which  produced  it 
in  either  stage  ;  but  the  specific  form  and  structure  of  the 
resulting  embryo  are  approximately  the  same  in  all, 
excluding,  of  course,  casual  interferences,  and  the  chances 
of  survival  for  the  resulting  free  embryo  diminish  as 
does  its  bulk,  until,  it  would  seem,  they  are  at  length 
lost  as  the  mass  is  reduced. 

At  whatever  stage  of  the  egg  or  embryo  the  section  is 
made,  the  final  result  is  the  same  ;  it  is,  if  not  an  abortion, 
a  dwarf  or  a  reduced  copy  of  a  normal  embryo  ;  but  the 
series  of  phases  through  which  it  passes  in  attaining  this 
end  varies  ;  so  that  it  is  longer  when  the  section  was  made 
at  an  earlier  stage,  and  shorter  if  it  were  made  at  a  later 
stage  ;  and  so  a  small  segment  of  a  gastrula  produces  a 
dwarf  free  embryo  by  a  series  of  changes  briefer  than,  but 
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otherwise  much  like,  those  of  the  later  stages,  after  a 
separation  of  a  blastomere  or  a  section  of  an  impregnated 
ovum. 

§  5i<^.  Up  to  the  time  of  the  production  of  the  free 
embryo  or  larva,  all  the  true  growth-material  which  went 
to  the  makinff  of  it  seems  to  have  been  contained  in  the 

o 

one  fertilised  ovum  ;  and  yet  out  of  it  may  be  produced 
one,  or  perhaps  sixteen  organisms,  all  alike  in  kind,  form, 
structure,  and  faculty,  though  unlike  in  size,  in  viability, 
and  in  chances  of  survival. 

After  the  production  of  the  free  larva  comes  in  at  least 
the  chance  of  added  growth-materials  from  the  environ- 
ment, and  in  normal  cases  this  chance  is  great  as  the  free 
larva  is  large.  I  have  here  intentionally  left  out  of 
consideration  the  supplies  of  water,  oxygen,  and  heat, 
which  are  known  to  influence  the  developmental  changes 
in  a  normal  ovum,  as  they  are  not  specific,  but  common 
to  all. 

Note  here  that  the  multiplication  of  individuals  possibly 
so  resulting  is  in  some  degree  an  effect  of  an  injury  ;  it 
is  an  instance,  a  very  interesting  one,  of  a  reproductive 
regeneration  ;  and  each  organism  so  reproduced,  whether 
from  a  single  blastomere  or  cell,  or  from  a  group  of  cells, 
in  a  segment  of  a  blastula,  is  so  by  a  reparative  re- 
generative act,  in  which  sometimes  each  separated  part 
can  complete  a  whole  organism  by  repairing  a  defect  out 
of  its  own  stores  of  growth-material  only,  and  then  by 
a  series  of  steps  determined  by  its  own  intrinsic  faculties  ; 
but  it  is  then  not  always  viable. 

It  is  important  to  remember  also  that  a  free  larva 
produced  from  a  single  blastomere  is  so  after  the  blasto- 
mere has  by  segmentation  first  multiplied  itself ;  but  one 
produced  from  a  segment  of  a  blastula  which  has  already 
passed  through  the  phases  of  segmentation  is  so  without 
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further  cleavage  ;  we  are  told,  also  without  any  appreciable 
further  cell-proliferation,  and  only  by  a  simple  change  of 
form  or  by  a  rearrangement  of  the  structural  elements 
present  in  the  segment. 

The  facts  given  in  support  of  this  last  statement  seem 
to  me  to  demand  confirmation  in  some  respects  ;  but,  as 
it  is,  I  think,  fairly  well  established  that  the  number  of 
cells  which  go  to  form  a  blastula  is  proportionate  to  the 
mass  of  the  original  segmenting  ovum  or  blastomere,  out 
of  which  it  is  formed  ;  and,  as  the  size  of  the  blastula 
resulting  is  so  also,  while  the  form  and  structure  of  the 
free  larva  are  approximately  constant  in  the  larger  and 
in  the  smaller  ones,  the  inference  is  apparently  well 
founded  that  the  multiplication  of  blastomeres  or  of  the 
cells  having  each  the  potentialities  of  an  ovum  ceases 
when  the  quantity  of  elaborated  growth-materials  in  the 
original  ovum  is  reduced  by  subdivision  below  a  certain 
minimum  in  each  separated  segment. 

In  this  way  the  idea  is  perhaps  made  a  little  clearer  of 
something  which  may  be  called  formative  force,  guiding 
and  directing  the  developmental  changes  in  an  embryo, 
which  is  not  merely  a  direction  of  the  cell-proliferation, 
but  may  exist  also  apart  from  any  concurrent  cell- 
proliferation,  as  well  as  coexist  with  it,  as  indeed  it 
commonly  does  in  nature. 

It  is,  however,  certain  that,  even  although  an  increase  of 
the  number  of  blastomeres  of  an  ovum  ceases  at  some 
period  of  its  development,  which  apparently  corresponds 
to  that  at  which  its  own  stores  of  elaborated  growth- 
materials  are  exhausted,  or  nearly  so,  yet  is  the  faculty  of 
cell-proliferation  not  lost,  but  only  suspended  ;  for  the 
normal  free  larva  grows,  develops  and  proliferates  cells 
in  abundance,  if,  in  the  environment,  it  manufactures 
or  finds  suitable  growth-materials  ;  and  unless  it  does  so 
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it  soon  dies  ;  while,  if  it  finds  or  makes  them,  the  cell- 
proliferation  is  constant  in  all  organisms,  and  with  it 
also  their  differentiation  and  development,  involving  life- 
periods  and  death  of  parts  and  individuals,  and  always  a 
provision  in  advance  for  the  production  of  new  organisms 
and  for  their  dispersal. 

Many  examples  can  be  pointed  to  of  the  co-operation 
of  the  so-called  formative  force  with  the  cell-proliferations 
in  the  reproductive  regeneration  from  fragments  of  the 
lower  animals,  e.g.  longitudinal  sections  of  a  hydra,  or 
transverse  ones  of  planarians  ;  and  in  some  the  latter 
seems  or  is  said  even  to  predominate  ;  but  in  nature  as 
a  whole  the  function  of  the  former  seems  mainly  to  be  to 
direct  the  order  and  arrangement  of  the  proliferated  cells, 
and  in  some  way,  perhaps,  to  influence  their  individual 
developments. 

Too  little  is  known,  at  least  to  me,  of  the  details  of 
the  developmental  changes  of  form  and  structure  without 
cell-proliferation,  such  as  are  sometimes  spoken  of,  in 
the  production  of  a  free  larva  from  a  blastula  or  from  a 
segment  of  one,  to  justify  much  speculation,  or  to  enable 
it  to  be  profitable  ;  but  I  am  tempted  here  to  suggest 
that  in  these  cases  of  intrinsic  developmental  changes 
of  existing  cells,  if  they  really  occur,  the  metaplasias 
or  differentiations  are  probably  always  attended  with  some 
proliferations  of  the  structural  units  of  the  cells,  or  of 
some  of  them,  even  if  it  be  at  the  expense  of  others,  in 
the  same  organism,  or  fragment  of  one. 

The  view  here  suggested  of  a  formative  force  as  a 
factor  in  these  regenerative  acts,  and  as  distinct  more  or 
less  from  cell-proliferation,  does  not  invalidate  the  funda- 
mental doctrine  that  the  cell  is  to  be  regarded  as  an 
elementary  organism,  nor  that  its  most  constant  and 
essential  character  is  its  faculty  of  division  or  of  prolifera- 
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tion,  which,  as  long  as  the  life  of  the  cell  endures,  is 
never  quite  lost,  although  it  may  be  suspended  for  a 
time  ;  for  it  can  be  restored  when  the  conditions  which 
had  suspended  it  are  replaced  by  conditions  which  favour 
it  ;  subject  to  the  qualification  that  the  cell  shall  not  be 
quite  mature,  or  so  highly  specialised  as  to  have  thereby 
ceased  to  live  a  vegetative  life  as  a  whole,  although  its 
structural  units  may  still  proliferate. 

§  51^.  Reproductive  regeneration,  then,  or  regenera- 
tion of  organisms  as  in  (<:),  after  injuries,  casual  or 
experimental,  is  a  very  instructive  thing  to  study  in 
regard  to  Repair  as  a  whole  ;  and  taken  together  with 
{a)^  cell  and  tissue  regeneration,  and  (^),  organ  regenera- 
tion, it  helps  much  to  show  us  how  complex  and  intricate 
a  mechanism  is  the  automatic  reparator,  thought  of  as  a 
whole,  especially  in  the  higher  organisms  ;  how  varied 
may  be  its  manifestations  in  different  organisms,  or  parts 
thereof,  or  in  different  life-phases  ;  and  so  it  helps  to 
make  at  least  partially  intelligible  some  of  the  diversities, 
partly  of  an  intrinsic  origin,  which  it  so  often  exhibits 
in  malformations. 

For  example,  the  malformations,  abortions  and  dwarfs 
require  that  we  take  into  account  the  injuries  which 
cause  or  condition  them,  not  only  in  cell  and  tissue 
regeneration,  but  also  in  organ  and  organism  regeneration  ; 
and  we  must  remember  that  any  one  of  these  malformations 
may  be  met  with  in  different  parts  of  different  organisms, 
even  if  adults,  and  may  then  be  much  admixed  ;  and  any  or 
all  of  them  may  also  be  perturbed  in  a  host  of  ways  and 
degrees,  given  only  perturbing  causes,  that  is,  irritants, 
which  are  rarely  long  absent. 

There  is,  however,  here  reserved,  provisionally  at  least, 
the  question  whether  all  the  responses  to  all  perturbations 
of  the  reparative  faculties  or  mechanisms  are  to  be  con- 
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sidered  as  true  Inflammations^  or  only  some  of  them,  and 
if  so,  which.  The  reply  to  such  a  provisional  reservation 
is  at  present  that,  as  perturbations  of  the  reparative 
faculties  are  here  thought  of  as  equal  to  "  injurious 
irritations,"  they  alone  signify  Inflammations^  and  that 
the  abnormalities  of  repair,  which  do  not  necessarily 
include  "injurious  irritation,"  alone  are  responsible  for 
the  production  of  malformations  of  all  kinds  and  degrees. 
I  have  already  said  that  all  Repair^  and  therefore  all 
regeneration  as  such,  is  to  be  regarded  as  essentially 
intrinsic  and  normal,  although  often  initiated  and  con- 
ditioned by  a  casual  injury ;  and  also  that,  although 
Inflammation  is  a  perturbation  of  Repair^  and  so  of  re- 
generation, it  is  expedient  and  justifiable  to  regard  such 
reparative  regenerative  responses  to  a  simple  injury, 
whether  in  the  groups  {a\  {h\  or  (c),  as  only  normal  con- 
sequences of  the  action  of  "  the  universal  physiological 
law  of  nature,"  without  any  further  interference  of  an 
"injurious  irritation,"  as  not  Inflammation,  and  indeed 
not  as  responses  to  true  perturbations  of  Repair  ;  even 
when,  as  often  happens,  the  reparative  and  regenerative 
response  does  not  result  in  an  exact  or  complete  regenera- 
tion or  a  true  Repair  of  the  loss  or  defect,  but  is  only  an 
imperfect  compromise,  that  is,  a  sort  of  malformation.  In 
this  way,  a  regenerative  act  of  the  (a),  (b\  or  {c)  type  may 
lead  to  or  result  in  a  malformation  of  some  sort,  or  an 
abortion,  or  a  dwarf,  according  to  the  site  or  extent  or 
character  of  the  primary  injury,  and  according  to  the 
intrinsic  faculties  of  the  injured  organism,  or  of  its  part, 
without  the  occurrence,  as  etiological  factors  in  the  process, 
of  any  extrinsic  interfering  forces  or  irritants,  and  so 
without  a  true  perturbation  of  the  reparative  powers, 
which  are  acting  then  quite  normally  for  the  conditions 
present  ;    and    yet   it,   the    regenerative    act,    then    often 
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determines  results,  or  yields  products,  which  are  in  many- 
cases  not  beneficent,  and  often  are  harmful  ;  and  they 
are  the  true  responses  to  an  abnormality  of  repair,  as 
distinguished  from  a  perturbation  of  it. 

In  these  cases  it  is  assumed  that  the  primary  injury 
is  effected  at  one  act,  is  not  repeated,  does  not  persist, 
usually  is  massive,  and  always  produces  some  loss  or 
"defect  ;  so  that  the  resulting  malformation,  or  abortion, 
or  dwarf,  is  imperfect  as  a  Repair,  in  consequence  of  some 
incompetence  of  the  automatic  reparator,  acting  under 
the  conditions  imposed  by  such  injury,  that  is,  under  the 
conditions  of  an  abnormality  of  the  repair  faculty.  Such 
incompetence  is  perhaps  best  shown  in  such  an  example 
as  the  development  of  a  dwarf  larva  from  a  segment  of 
the  blastula  of  a  sea-urchin  ;  but  it  is  also  seen  in  the 
want  of  perfection  of  a  scar-tissue  in  man,  after  a  suppura- 
tion, or  in  a  healing  by  granulation  ;  in  which,  however, 
the  imperfection  is  less,  and  the  whole  relations  are  more 
complex — are,  indeed,  never  quite  free  from  some  previous 
admixture  with  true  perturbations  of  Repair,  or  the 
responses  to  irritation,  and  therefore  from  some  true 
Inflammation. 

We  may  therefore,  by  this  theory,  rightly  consider 
all  malformations,  abortions,  dwarfs  and  their  allies,  not 
essentially  as  responses  to  perturbations  of  Repair,  seeing 
that  all  can  be,  or  rather  are,  consequences  of  inefficient 
efforts  at  Repair  and  regeneration,  under  the  abnormal 
conditions  of  their  production  ;  which  conditions  are  such 
that  the  automatic  reparator  is  not  then  competent  to 
restore  the  norm,  although  by  the  law  of  its  being  it  must 
make  an  attempt  to  do  so,  and  in  so  doing  makes  but  a 
poor  compromise,  or  fails  utterly,  being  dominated  by  the 
condition,  abnormality  of  repair,  and  not  by  any  extrinsic 
irritant  or  perturbator.     In  concrete  cases,  however,  it  is 
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rarely,  if  ever,  that  we  find  such  a  complete  absence  of 
interfering  forces  and  of  "injurious  irritation,"  and  of  the 
responses  thereto,  as  the  theory  demands  ;  for  in  a  pure 
regeneration  or  Repair  almost  always  some  interfering 
forces  come  in,  some  "injurious  irritations"  take  place, 
derived  always  extrinsically  as  regards  the  part,  though 
not  by  any  means  always  extrinsically  as  regards  the 
organism  ;  and  these  then  involve  responses,  which  are 
the  expressions  of  a  true  perturbation  of  Repair^  and  are 
therefore  indications  of  an  Inflammation  proper,  and  show 
then  relations  of  fitness  to  the  irritant,  the  perturbing 
cause,  and  this  most  obviously  when  the  irritant  is  a 
parasite  ;  less  so  when  it  is  a  physical  or  a  mechanical 
agent  merely  ;  and  least  of  all  when  it  is  an  intrinsic 
hindrance  and  a  necessary  consequence  of  the  complex 
structure  of  the  organism,  such  as  I  have  called  above 
a  hindrance  to  Repair^  in  man.  But  in  all  cases  such 
responses  to  "  injurious  irritation "  are  antagonistic  to 
Repair  and  to  true  regeneration  ;  they  do  harm  to  the 
part  and  to  the  organism  ;  they  may  entirely  prevent 
Repair.,  or  may  destroy  the  part  or  the  organism  ;  and 
although  due  fundamentally  to  the  same  reparative 
faculties  which,  when  not  so -perturbed,  result  in  a  Repair 
or  a  fair  compromise  thereof,  yet,  when  misdirected 
by  a  persisting  or  repeating  irritant  in  action,  are  them- 
selves no  longer  reparative,  but  often  destructive,  always 
damaging  and  regressive  in  various  ways.  Such  responses, 
then,  are  true  Inflammations^  and  are  further  distinguished 
from  the  malformations  by  being  terminable,  in  the 
ratio  of  the  relative  diminution  of  the  irritation,  when  a 
recovery  commences  and  may  go  on. 

Yet,  although  the  truly  reparative  responses  after  an 
injury  begin  at  once,  the  products  thereof  normally  endure 
long  after  the  injuries  have  been  repaired  ;  and  they  often 
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functionate,  perhaps  imperfectly,  yet  usefully  for  the 
organism,  and  thus  they  differ  from  the  inflammatory  re- 
sponses. Sometimes,  when  abnormalities  of  the  reparative 
faculties  are  present  in  but  a  slight  degree,  the  responsive 
products  may  approach  to  various  malformations  such  as  we 
call  deformities,  as  may  be  seen  in  scars,  and  after  some 
fractures,  and  also  in  some  non-malignant  new  growths. 

But,  although  in  concrete  cases  pure  Repair  is  rare,  or 
perhaps  never  seen,  at  least  in  the  highest  organisms,  the 
theoretical  view  of  its  essential  and  necessary  distinction 
from  Inflammation  and  from  malformation  is  justified  by 
the  facts,  which  show  such  an  approach  to  it  in  a  perfect 
form  as  to  make  it  certain,  using  the  argument  from  the 
imagined  converging  lines,  that  a  point  of  intersection 
must  be,  and  pure  Repair  is. 

§  51/!  In  this  theory,  then,  malformations,  abortions, 
dwarfs  and  deformities  are  clearly  separable  from  true  or 
inflammatory  perturbations  of  the  automatic  reparator,  and 
are  to  be  thought  of  as  due  to  other  abnormalities  or 
imperfections  thereof,  under  the  given  conditions  ;  but  in 
fact,  in  concrete  cases,  they  also  are  almost  always  admixed 
with  some  true  inflammatory  perturbations  of  it,  and 
with  the  responses  thereto,  by  which  as  a  whole  the 
phenomena  are  obscured,  and  the  theory  is  thus,  at  times 
at  least,  apparently  controverted  ;  but  yet  is  it  not  so 
upset. 

Some  malformations  and  some  dwarfs  may  present 
very  little  of  such  admixture,  and  some,  especially  of 
the  former,  more,  but  abortions  usually  more  still,  while 
many  dwarfs  may  be  fairly  perfect,  and  may  even  seem 
normal,  or  nearly  so  ;  and  the  same  may  be  said  of  some 
deformities  and  scars. 

In  the  hope  of  making  clearer  this  conception  of  the 
various  abnormal    results  of  those    inefiicient    reparative 


3IO  THE   INFLAMMATION   IDEA 

regenerative  efforts,  which  should  not  be  called  perturba- 
tions of  the  reparative  faculty,  and  so  not  Inflammations^ 
but  malformations,  I  will  refer  here  to  an  ill-defined, 
but  large  and  very  interesting  group  of  them,  to  which 
Loeb  has  given  the  name  of  heteromorphoses  ;  and  without 
adopting  all  his  views,  I  will  give  some  examples,  such 
as  may  mark  off  these  abnormal  products  of  regenerative 
action  from  typical  inflammatory  responses  to  irritation 
with  sufficient  clearness  ;  even  if  again  a  margin  may 
remain  less  typical  in  their  characters  as  presented,  and 
more  difficult  to  group  in  their  natural  and  true  relations. 
Thus,  if  a  salamander  renews  a  cut-off  tail,  a  newt  a 
separated  leg,  a  worm  a  head  or  a  tail,  in  its  due  site  and 
with  the  form,  structure  and  faculties  of  the  part  removed, 
the  process  is  one  of  a  normal  regeneration  of  lost  parts 
and  of  a  Repair  of  injury.  But,  if  a  worm  abnormally 
regenerates  a  tail  at  the  end  where  the  head  has  been 
removed,  as  it  sometimes  does,  without  the  causes  thereof 
being  well  known,  although  the  newly  produced  part 
appears  to  be  perfect  in  structure  as  a  tail,  it  is  for  the 
purposes  of  the  organism  worse  than  useless,  and  it  does 
not  complete  a  viable  organism,  which  must  then  at  no 
distant  time  cease  to  live.  Such  an  abnormal  regeneration 
is  as  damaging  to  the  organism,  as  the  organ  so  produced 
is  inefficient,  and  does  not  replace  the  loss  ;  it  is  an 
example  of  a  heteromorphosis,  of  a  kind  which  has  very 
important  consequences.  This  group  of  malformations 
is  very  large,  is  variously  manifested,  and  it  is  not  so 
well  defined  as  is  wanted  ;  it  includes  also  such  cases 
as  the  abnormal  regeneration  of  an  antenna,  where  a  stalked 
eye  has  been  removed  from  a  crab  or  a  prawn,  and,  so  far 
as  has  been  seen,  without  much  of  loss  to  the  organism 
by  the  change  ;  and  the  new  organ  produced  is  like  one 
proper  to  the  same  organism  at  another  part. 
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But  some  cases  may  here  be  included  also,  such  as 
those  in  which  a  new  claw  or  leg  is  produced  which  is 
unlike  any  other  proper  to  that  specific  organism,  as  is 
seen  sometimes  in  the  shrimp  Atyoida  potimirum  (Morgan, 
l.c.^  p.  24),  and  also  others  in  which  the  new  organ  regener- 
ated is  the  mirror-figure  of  the  lost  one,  i.e.  has  its  axes 
reversed.  Most  of  these  heteromorphoses  seem  to  be 
useless  or  even  injurious  to  the  affected  organism. 

But  the  term,  as  it  is  used,  may  include  also  cases  in 
which  at  least  some  degree  of  apparent  usefulness  to  the 
organism  seems  to  be  sometimes  involved,  even  although 
the  product  is  a  sort  of  malformation,  or  a  monster,  thus 
including  a  kind  of  abnormal  regenerative  reproduction. 
Such  are  the  many-headed  hydrae  produced  by  making 
several  short  longitudinal  cuts  through  the  hydranth  ;  and 
the  same  is  seen  in  the  double-headed  planariae,  or  earth- 
worms, or  in  the  new  and  wrongly  placed  heads,  more  or 
less  efficient,  on  a  Cerianthus  membranaceus^  or  a  Ciona 
intestinalis,  made  by  cuts  almost  anywhere  into  the  body 
of  the  organism. 

Although  these  are  all  malformations  and  abnormalities 
of  repair,  and,  it  cannot  be  doubted,  damaging,  yet  in 
some  of  them  the  result  is,  in  some  degree,  such  as  may 
increase  the  chances  of  life  for  the  organism,  and  probably, 
in  the  case  of  a  hydra,  very  greatly  so.  The  response 
is  then  an  admixed  one,  doing  good  and  harm. 

Thus  this  term,  heteromorphosis,  as  it  is  used,  includes 
some  monsters,  malformations,  or  other  abnormal  re- 
generative responses  ;  some  of  which  are  fatal  in  their 
tendencies,  others  are  or  may  be  even  useful  to  the 
organism,  so  as  even  to  increase  its  viability,  perhaps 
beyond  the  norm  ;  and  yet  they  are  results  of  responses 
to  injuries.  Yet  all  are  related  to,  or  are  forms  of, 
abnormal  reparative  or  regenerative  responses  to  injuries  ; 
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in  which,  so  far  as  observation  goes,  the  agent  of  injury 
has  quite  ceased  to  be  a  persisting  factor  ;  and  the  chief 
if  not  the  sole  factors  remaining  involved  in  the  responses 
are  the  intrinsic  reparative  ones,  abnormally  varying, 
doubtless  necessarily,  with  the  remaining  regenerative 
attributes  of  the  part  of  the  organism  which  had  been 
injured,  and  with  the  extent,  position  and  characters  of 
the  primary  injury.  Such  intrinsic,  reparative,  regenera- 
tive attributes  are  usually  assumed  by  the  special  students 
of  ordinary  regeneration  as  being  normal  and  as  operat- 
ing without  the  intervention  of  any  extrinsic  inter- 
fering forces  or  "injurious  irritations"  of  which  notice 
need  necessarily  be  taken  ;  or  these,  if  present,  are  taken 
to  be  mainly  hindrances  of  intrinsic  origin  only,  such  as 
are  promptly  overcome  and  have  relatively  little  importance 
in  determining  any  of  the  abnormal  results  of  the  series 
of  changes,  if  they  occur,  and  as  having  been,  in  fact,  pro- 
vided for  in  advance  in  the  evolution  of  the  automatic 
reparator. 

In  the  study  of  the  abnormal  and  irregular  results 
of  reparative  regenerative  actions,  therefore,  no  notice 
is  usually  taken  of  extrinsic  intervening  "  injurious 
irritation,"  as  it  is  assumed  to  be  absent,  or  negligible  ; 
and  this  is  a  justifiable  position,  even  although  in  fact  it 
can  scarcely  ever  be  really  absent,  or  entirely  without 
effect.  The  phenomena  presented  are  in  so  preponderating 
a  degree  held  to  be  related  as  responses  to  some  initial 
injury,  and  to  the  intrinsic  regenerative  faculties  as 
abnormally  conditioned,  that  "injurious  irritation,"  as  an 
intervening  factor,  is  not  needed  ;  while  yet,  to  the 
organism  affected,  the  responses  may  be  beneficent,  or  the 
reverse  ;  and  they  are  all  determined  by  some  abnormalities 
of  the  reparative  faculties,  the  causes  of  which  are  as  yet 
not  adequately  known.     Such  results  of,  or  responses  to. 
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an  abnormality  of  the  reparative  process  are  not  therefore 
perturbations  of  the  process  of  Repair^  such  as  occur  in 
Inflammation^  in  the  sense  in  which  I  use  the  term,  that 
is,  as  responses  to  "  injurious  irritation."  They  are  known 
as  malformations  ;  and,  both  on  grounds  of  reason  and 
expediency,  the  two  ideas  should  be  separated,  however 
nearly  they  are  related. 

The  closeness  of  such  relations,  at  least  in  some  of  the 
products  of  the  process  by  which  malformations  are 
brought  about,  and  of  some  of  the  repairs  by  compromise, 
and  of  some  products  of  the  responses  to  "  injurious 
irritation,"  is  such  as  may  excuse  this  lengthy  examination, 
which  may,  however,  I  hope,  have  shown  some  of  their 
connections  and  distinctions,  even  although  in  this  way 
the  statement  of  the  comparisons,  and  the  contrasts,  may 
have  involved  some  recapitulations  both  of  facts  and 
arguments. 

§  52.  I  will  now  attempt  to  show  some  of  these  compari- 
sons and  contrasts  ;  but  I  must  first  interpolate  a  frank 
avowal  that,  in  what  has  been  written  above  in  respect  of  the 
malformations,  thought  of  as  responses  to  abnormalities 
of  Repair  and  as  distinct  from  a  pure  Repair^  or  from  an 
Inflammation^  I  have  by  no  means  made  any  approach 
to  a  complete  statement  of  the  various  kinds  and 
degrees  of  the  teratological  disorders  which  experience 
has  made  us  acquainted  with,  or  of  their  real  association 
with  Inflammations. 

A  common  opinion  among  pathologists  and  teratologists 
is  that  the  abnormalities  called  malformations  are  mainly, 
if  not  solely,  produced  in  embryonic  stages  of  the  life  of 
an  organism,  or  in  embryonic  cells  or  tissues,  and  on 
this  ground  they  are  sometimes  classified.  It  is  also 
very  widely  held  that  they  are  especially  heritable,  that 
they  are  seldom  found  to  begin  in  adult  tissues  or  organs, 
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or  at  least  not  in  the  mature  parts  of  these,  and  when  so 
met  with  are  not  responses  to  any  local  irritant  actions, 
that  is,  are  not  Inflammations^  but  are,  as  it  is  said, 
congenital,  or  in  some  way  due  to  a  series  of  changes 
induced  in  some  unknown  way  in  uterine  or  in  ovarian 
life  ;  yet  do  these  two  ideas  not  conflict  with  each  other 
necessarily.  This  doctrine  is  supported  by  many  observed 
facts  ;  but  these  do  not  justify  the  adoption  of  the  criterion 
of  the  embryonic  or  congenital  origin  of  all  malformations 
as  a  basis  of  their  classification  and  a  ground  for  their 
distinct  separation  from  Inflammations. 

For,  although  it  has  been  demonstrated,  as  some  of 
the  examples  I  have  given  help  to  show,  that  malformations 
can  be  experimentally  brought  about  in  ova  and  in 
embryos,  and  in  many  of  the  lower  animals  and  plants, 
which  are  biologically  related  to  embryonic  stages  of  higher 
forms  ;  and  it  has  not  yet,  so  far  as  I  know,  been  equally 
well  shown  that  the  same  can  be  done  in  the  higher  forms, 
in  their  more  developed  and  mature  tissues  and  organs, 
or  perhaps  even  in  the  more  embryonic  parts  which  they 
usually  contain  ;  yet  it  has  not  been  conclusively  shown 
that  in  any  of  these  groups  the  tacit  assumption  of  the 
students  of  regeneration  of  the  complete  and  constant 
absence  of  irritant  actions  has  been  proven  for  all  stages 
of  development  of  an  organism  or  of  a  malformation  of 
one. 

This  is  therefore  still  an  open  question,  or  at  most  it 
is  only  a  probable  assumption. 

It  has  also  been  demonstrated  that  some  malformations 
are  inherited,  and  may  reappear  even  for  a  long  succession 
of  generations,  under  apparently  normal  conditions  of  the 
environment — and  this  both  in  animals  and  plants  ;  but 
it  has  not  been  conclusively  shown  that,  in  these  cases, 
the  concurrent  influence  of  irritant  actions  in  the  prenatal 
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stages  is  really  as  completely  absent  as  it  is  usually  held 
it  is,  on  the  ground  apparently  that  it  has  not  been  traced. 
Nor  have  all  other  abnormalities  of  the  repair  faculties 
been  adequately  excluded.  This  conception  of  heredity 
is,  then,  also  an  open  question,  or  a  more  or  less  probable 
assumption,  if  it  be  applied  generally. 

It  has  already,  in  dealing  with  the  responses  to  irritant 
actions  in  plants  or  animals,  been  sufficiently  shown  that 
the  younger  and  the  more  embryonic  stages  of  the  tissues 
or  organs  show  the  characteristic  inflammatory  manifesta- 
tions more  vigorously  than  do  the  more  adult  forms,  and 
even  that  some  few  of  these  latter  may  fail  utterly  so  to 
respond. 

In  this  respect,  then,  the  responses  to  "injurious  irrita- 
tion "  act  under  somewhat  like  conditions,  or  at  least  in 
some  respects  may  resemble  the  processes  which  yield 
malformations  ;  and  although  less  is  known  of  any 
similar  responses  to  irritant  actions  in  ova,  or  in  any 
prenatal  phases  of  life,  yet  it  is  not  at  all  said,  or  meant 
to  be  implied,  that  in  these  phases  such  irritant  actions 
and  responses  thereto  do  not  occur.  Rather,  I  do  not 
hesitate  to  say,  partly  as  a  result  of  my  own  observations, 
that  they  do  occur  and  can  be  traced  in  some  cases, 
though  by  no  means  in  all  those  in  which  they  can  yet 
be  confidently  inferred  ;  as  in  the  cases  of  some  germinat- 
ing seeds,  and  of  some  living,  even  if  not  fertilised,  ova, 
e.g.  those  of  the  pike,  which  in  water  respond  to  irritations, 
in  modes  which  recall  the  changes  in  separate  fragments 
of  cytoplasm  without  nuclear-plasm,  and  may  show  re- 
semblances to  imperfect  cell-proliferations. 

It  seems  clearly  to  follow,  that  in  the  same  or  similar 
life-phases  the  abnormalities  of  reparative  faculties  also  act 
and  are  responded  to  in  the  production  of  some  malforma- 
tions ;  indeed,  on  this  point  examples  have  been  given. 
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To  make  these  rather  broadly  put  statements  clearer,  I 
will  attempt  to  give  a  few  examples  showing  malformations 
and  Inflammations^  separate  and  admixed,  in  embryonic 
and  in  adult  phases  of  life,  in  plants  and  in  animals, 
especially  in  the  former,  in  which  the  points  considered 
are,  I   think,  often  more  clearly  displayed. 

Fasciation  is  a  common  malformation  in  plants.  It 
consists  usually,  I  would  say  essentially,  in  an  irregular 
multiplication  of  parts  of  the  organism  affected,  usually 
of  axes,  but  then  often  as  partially  fused  or  as  imperfectly 
separated.  It  is  displayed  also  in  leaves,  flowers,  or  their 
members,  often  in  buds,  and  then  often  with  a  disorderly 
and  even  a  damaging  arrangement,  with  multiplication  of 
organs  or  members. 

It  is  well  exhibited  in,  and  is  congenital  and  hereditary 
in,  the  Celosia  cristata^  and  to  a  less  extent  in  C.  plumosa^ 
the  seeds  of  each  of  which,  regularly  in  C.  cristata^  and 
less  so  in  C.  plumosa,  produce  annual  plants  with  fasciation 
of  the  stem  and  separate  multiplication  of  buds,  of  a 
kind  and  degree  which  is  a  damage  to  the  organism, 
however  interesting  it  may  be  to  the  horticulturist.  It  is 
known  that  in  C.  cristata  this  malformation  is  hereditary, 
and  has  been  so  for  three  centuries  ;  but  as  yet  no 
injury  has  been  distinctly  traced  in  the  seeds  or  in  the 
seedlings,  although  these  latter  exhibit  fasciation  as  soon 
as  they  are  an  inch  high  ;  and  no  evidence  has  as  yet 
been  affbrded  of  any  "  injurious  irritation  "  co-operating 
in  the  responses  or  series  of  changes,  or  of  any  other 
causal  factor  in  the  seeds  of  extrinsic  origin. 

Fasciation  has,  however,  been  observed  by  myself  in 
an  elm,  Ulmus  montana^  not  as  a  constant  but  a  frequent 
effect  of  an  "  injurious  irritation "  caused  by  phytopti 
living  and  propagating  in  the  buds.  It  occurs  in  other 
elms,  from  other  to  me  as  yet  unknown  causes,  but  so 
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rarely  as  to  leave  in  my  mind  no  doubt  of  the  fact  as 
above  stated  in  regard  to  U.  montana.  I  have  been  able, 
in  this  elm,  to  trace  some  of  its  stages  and  phases  from 
the  deposition  of  a  single  phytoptus  tgg  upon  the  apex  of 
the  growing  point  of  a  very  young  bud,  in  succession 
through  a  series  of  years,  and  then  as  admixed  with 
many  and  quite  obvious  damaging  responses  to  "  injurious 
irritation,"  including  regressive  and  proliferative  pro- 
gressive phenomena  ;  and  the  production  of  such  fascia- 
tions  is  often  or  usually  combined  with  that  of  other 
malformation  productions,  such  as  witch-knot  formations. 

In  the  course  of  these  observations,  evidence  enough 
was  accumulated  to  show  that  the  fasciation  had  been 
begun  by  the  irritant  actions  of  the  parasitic  phytopti, 
and  that  the  responding  tissues  were  very  young  or 
meristematic  groups  of  cells  approximately  embryonic 
in  their  characters.  But  the  steps  of  the  process  by  which 
such  irritant  actions  sometimes  did  set  up  fasciation, 
and  sometimes  did  not,  I  have  not  yet  learned.  Always 
inflammatory  responses  or  their  equivalents  were  present  ; 
always  with  these  there  were  also  present  some  regressive 
changes  in  the  tissues,  related,  I  think,  somehow  to  the 
different  types  of  malformation  which  followed,  in  modes 
which  were  not  well  made  out  ;  yet,  in  some  way  these 
malformations  were  always  connected  intimately  with  an 
Inflammation  process  during  their  production,  even  if 
only  indirectly. 

But  in  association  with  the  "  injurious  irritation  "  set 
up  by  the  phytopti,  fasciation  and  witch-knot  productions 
were  not  the  sole  or  even  the  most  common  manifestations 
of  the  response.  This  was  rather  as  a  rule  a  swollen  bud, 
with  a  thickened  and  deformed  axis,  with  too  many  and 
disorderly  placed  appendages,  including  both  buds  and 
modified  leaves.     These   are   well  seen  and  common  on 
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the  silver  birch,  the  hazel  and  the  black-currant  bush  ; 
associated  on  the  silver  birch,  often,  not  always,  with 
witch-knots  and  some  other  malformations,  but  very  rarely 
so  on  the  hazel,  or  on  the  black-currant. 

Such  association  of  malformed  buds  and  witch-knots, 
when  it  is  found,  is  a  casualty,  certainly  not  a  constant, 
in  the  silver  birch  ;  for  I  have  observed  one  of  these 
trees  abounding  in  the  phytoptous  malformations  of  the 
buds  and  shoots  for  several  years  in  succession,  without 
a  single  witch-knot  ;  and  other  neighbouring  trees  of 
the  same  species  with  witch-knots,  but  with  no  dis- 
coverable bud-malformations  due  to  phytopti.  Although 
the  witch-knots  have  been  imputed  in  these  cases  to  the 
influence  of  the  phytopti,  in  some  modes  not  traced,  it  is 
now  more  generally  accepted  by  phyto-pathologists  that  they 
are  more  constantly  related,  as  are  many  other  witch-knots, 
to  the  influence  of — that  is,  the  "injurious  irritation" 
caused  by — some  parasitic  fungi,  as,  e.g.,  in  the  wild  cherry 
and  the  silver  fir. 

In  all  of  these  cases,  whether  with  or  without  phytoptous 
infection,  there  is  some  "  injurious  irritation  "  exerted  by 
the  phytopti,  or  by  the  fungi  ;  and  so  there  is  present 
a  real  equivalent  of  Inflammation  in  these  plants,  and 
yet  it  is  somehow  etiologically  related  to  a  malformation 
production,  that  is,  to  an  abnormality  of  Repair.  In  all 
of  these  instances  of  malformed  phytoptous  buds  there  is 
some  progressive  cell  and  tissue  proliferation,  with  a 
perturbation  of  their  modes  of  response  ;  and  also  there 
are  regressive  phenomena,  with  some  local  necroses, 
which  in  all  seem  to  be  connected  intimately  with  the 
production  of  the  malformations,  of  whatever  kind. 

.  Inflammation  or  its  equivalent  thus  in  these  malforma- 
tions seems  to  be  a  necessary  part  of  the  series  of  steps, 
or  of  the  process  by  which  they  are  brought  about  ;  and 
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the  question  is  thus  raised  as  to  whether  it  is  legitimate  to 
group  them  in  quite  a  different  category  from  that  in  which 
Inflammations  are  placed.  I  am,  if  with  hesitation,  now 
obliged  to  place  them  for  the  present  in  a  greater  group 
of  responses  to  "  injurious  irritation,"  and  so  have  to  grant 
that  some  malformations  at  least  can  be  traced  back  in 
part  to  "  injurious  irritation,"  persisting  or  repeating  ; 
but  in  any  case  they  have  a  complex  etiology,  and  the 
responses  are  correspondingly  admixed. 

It  is,  as  has  been  said,  a  common  though  not  a  constant 
or  a  diagnostic  character  of  Inflammation  that  it  is  termin- 
able ;  but  in  the  inflammatory  responses  to  irritation  in 
plants  the  products  mostly  necrose,  and  are  then  either 
enclosed  or  separated,  and  the  delayed  Repair  or  Recovery^  if 
it  does  take  place,  is  a  scar  or  a  compromise  formed  by  and 
in  almost  normal  tissues  near.  In  this  respect  most  of  the 
malformations  now  being  considered  behave  as  do  the 
later  products  of  an  inflammation  process  in  a  stage  of 
recovery.  The  above-mentioned  swollen  and  malformed 
phytoptous  buds  and  shoots,  although  they  sometimes 
in  the  silver  birch  may  live,  grow  and  develop  on  their 
own  lines  in  the  direction  of  the  axis  for  four  successive 
years,  yet  in  the  end  all  die^  fall,  or  are  cut  off,  as 
are  other  dead  axes. 

Yet,  these  responses  show  in  their  characters,  with 
sufficient  clearness,  the  characteristic  features  of  true 
malformations  not  less  than  they  do  of  Inflammations  ; 
and  they  are  to  my  mind  at  present  inseparable  from 
either  group,  or  rather  they  are  cases  in  which  the  process 
is  too  much  mixed  for  all  the  examples  to  be  correctly 
classified. 

The  witch-knots,  however  they  originate,  live  longer, 
often  for  more  than  twenty  years  on  a  silver  birch  ;  but 
among  them  also  there  are  some  which  tend  to  die,  decay 
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and  be  cut  off,  as  one  may  see  in  a  witch-knot  seen 
now  and  then  upon  Ulmus  camprestris,  often  of  large 
size,  and  when  young  showing  multitudinous  crowded 
young  buds  and  shoots,  and,  when  old,  appearing  as 
irregularly  formed  and  decaying  solid  masses  of  dead 
tissue,  representing  the  core  of  the  old  witch-knot. 

The  fasciations  also  in  this  respect  vary  very  much  ;  but 
their  varieties  are,  I  think,  not  very  well  known,  or  their 
life-periods,  although  some  endure,  as  in  the  cockscomb, 
for  all  the  life  of  the  plant,  and  others,  as  in  U.  montana^ 
die  much  sooner. 

§  52^.  On  the  whole,  then,  the  lines  of  demarcation 
between  the  inflammatory  responses  to  "injurious  irrita- 
tion "  and  the  production  of  malformations  imputed  to 
other  abnormalities  of  the  repair  faculties  cannot  be  well 
and  clearly  traced  in  all  cases,  even  if  it  be  true  that 
theoretically  a  separation  is  both  reasonable  and  expedient  ; 
and  so  the  two  different  pathological  groups  of  phenomena 
are  left  with  some  very  close,  indeed  inseparable  and 
essential  relations.  This  conclusion  applies  to  plants  and 
animals,  I  think,  equally,  so  that  further  examples  from 
among  animals  are  not  required. 

This  position  sustains  the  doctrine  that  the  two 
processes  of  Inflammation  and  of  malformation  production 
are  or  may  well  be  placed  in  one  common  greater  patho- 
logical group. 

I  do  not  think  any  phase  of  the  life  of  a  cell,  or  of  an 
organism,  really  limits  the  responses  to  "injurious 
irritation,"  and  I  hold  that,  even  in  congenital  morbid 
products,  the  earliest  prenatal  responses  or  changes  may 
possibly  have  been  so  determined — as  much  so,  indeed, 
as  malformations  otherwise  caused — and  thus,  that  we  may 
have  congenital  inflammatory  products,  and  even  possibly 
hereditary   effects  thereof,  almost  as  certainly,  if  not  so 


SECTION   V:    ITS   LIMITATIONS  321 

frequently,  as  we  have  hereditary  malformations,  or 
varieties. 

I  do  not  think  that  any  organism,  or  any  elementary 
part  of  one,  is  exclusively  the  seat  of  malformation  pro- 
duction, and  I  hold  that  this  pathological  change,  not  less 
than  Inflammation^  can  begin  in  any  tissue  in  which  are 
present  the  evolved  reparative  faculties  of  nutrition  and 
growth,  however  adult  it  may  be,  if  only  it  be  not  very 
highly  specialised  or  too  mature ;  as  in  such  a  case  it 
always  contains  some  cells  or  tissues  capable  of  prolifera- 
tion, because  still  living  ;  though  in  some  cases  only  the 
structural  units  of  cells  may  be  able  to  proliferate,  e.g.  as 
in  some  ganglion  cells. 

Notwithstanding  the  occurrence  of  these  large  groups 
of  phenomena,  in  which  malformations  and  Inflammations 
cannot  be  adequately  or  clearly  separated,  I  am  still 
disposed  to  adhere  to  the  general  conception  above 
given,  of  a  reasonable  and  a  convenient  separation  of 
the  teratological  series  of  phenomena  from  the  inflamma- 
tory ones,  at  least  in  a  general  pathological  theory. 

%  ^ih.  The  various  malformations,  theoretically  con- 
sidered, do  not,  however,  demand,  as  necessary  factors  in 
the  process  by  which  they  are  brought  about,  any  "  injurious 
irritation."  The  factors  in  such  a  process  are,  at  least  in 
the  theory,  only  the  evolved  reparative  or  regenerative 
faculties,  and  some  injury  which,  although  its  cause  has 
then  ceased  to  operate,  has  so  conditioned  the  said 
reparative  faculties  as  to  render  the  responses  inefficient, 
and  incapable  of  effecting  a  true  Repair  or  a  regeneration 
proper  ;  while  yet  obliging  the  cells  or  tissues  to  respond 
somehow,  often  in  a  disorderly  or  inefficient  way,  which, 
by  the  theory,  is  not  directed  by  a  then  acting  irritant,  or 
in  any  way  fitly  related  to  it. 

Of  this  sort  of  inefficient  response  to  injury,  examples 
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have  been  given  above,  in  dealing  with  the  production 
of  dwarfs,  abortions,  monsters  and  other  malformations, 
by  experimental  inquiry  and  observation.  But  all  this 
is  necessarily  connected  with  the  proviso  that  these 
malformation  cases  are  really  unmixed,  are  theoretically 
and  in  fact  not  Inflammations  ;  but  such  cases  are  perhaps 
few  in  nature.  Many  malformations,  especially  those 
often  called  deformities,  and  many  scars,  often  show  in 
their  structures  and  functions  some  relations  of  fitness 
to  the  injured  organism  or  its  part  out  of  which  they 
spring  ;  and  they  may  endure  as  long  as  does  the  equi- 
valent normal  part  ;  and  such  unfitness  of  their  relations 
to  the  responding  organism  as  they  also  sometimes 
show,  is  not  known  to  be  fitly  related  to  any  extrinsic 
irritant  or  agent  of  which  we  have  any  knowledge,  except 
where  there  is  or  has  been  an  "injurious  irritation"  and 
responses  thereto  as  an  admixture,  as  in  scars,  and  in  the 
experimentally  produced  deformities,  abortions,  dwarfs, 
or  monsters,  in  which  the  products  are  as  complex  as 
was  the  etiology  and  the  process. 

The  more  fitly  related  responses,  as  in  scars,  closely 
resemble  pure  Repair  responses  proper,  of  which  they  are 
compromises,  are  rarely  the  seats  of  regressive  phenomena, 
are  in  quantity  largely  proportionate  to  the  injury,  and  in 
quality  to  the  tissues  actually  responding.  They  begin 
after  the  agent  of  injury  has  ceased  to  operate,  the  injury 
only  persisting,  and  the  end  of  the  process  is  not  reached, 
if  the  organism  lives,  until  the  above-mentioned  relations 
of  fitness  to  the  organism  or  its  part  have  appeared,  much 
as  in  a  simple  Repair  ;  and  then  the  effective  operative 
factor  is  the  evolved  intrinsic  reparative  regenerative 
factor,  though  then  often  it  is  so  conditioned  as  not  to  be 
quite  efficient  ;  and  hence  the  result  is  but  a  compromise. 

The    theoretically    assumed    absence    of    any    extrinsic 
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irritant  agent,  is  an  adequate  explanation  of  the  absence  of 
any  relations  of  fitness  to  such  irritant,  and  of  any  regressive 
phenomena  so  produced,  and  the  inefficiency  in  the 
responses  which  make  the  product  rather  a  compromise  than 
a  true  Repair  depends  upon  the  direct  or  passive  eff-ects 
of  the  primary  injury  to  the  responding  thing.  It  is  also 
true  that  these  responses,  so  closely  related  to  Repair  and 
so  strongly  progressive  in  their  characters,  have  many  near 
allies  in  some  of  the  more  pronounced  malformations 
produced  experimentally  ;  and  thus  no  sharp  line  of  de- 
marcation between  them  is  known  to  me,  nor  any  between 
them  and  the  most  inefficient  and  damaging  malformations, 
such  as  abortions,  in  which,  theoretically  at  least,  no  inflam- 
matory responses  are  necessarily  admixed. 

§  53.  It  is,  then,  certainly  difficult,  although  it  is  possible, 
to  distinguish  malformations  from  Inflammations^  if  we  take 
into  account  and  compare  their  various  characters  with  care. 

What,  then,  are  these  characters  .?  and  what  are  those  by 
which  both  are  distinguished  from  a  simple  Repair  } 

As  both  the  responses  to  or  after  abnormalities  of  Repair, 
and  the  simple  reparative  ones,  have  been  given  at  sufficient 
length  above,  I  let  them  pass  here,  and  take  up  now  for 
comparison  and  contrast,  even  at  the  cost  of  some  re- 
capitulation, those  which  characterise  the  responses  to 
"injurious  irritation,"  that  \Sy  Inflammation,  as  it  is  the 
special  question  discussed  in  this  essay. 

In  the  inflammation  process,  not  all  the  factors  involved 
are  quite  the  same  as  those  engaged  in  a  simple  Repair, 
or  in  the  production  of  a  malformation  ;  the  processes, 
therefore,  are  not  alike,  and  so  the  products  difi^er  in  some 
very  important  particulars. 

(a)  In  it  a  massive  or  other  injury,  a  loss  or  defect,  may 
be  present  or  absent ;  so  that  it  is  not,  as  in  a  Repair,  or  in 
the  production  of  a  malformation,  a  constant  factor.     (F) 


324  THE   INFLAMMATION   IDEA 

In  it  "  injurious  irritation  "  is  a  constant,  while,  at  least 
in  theory,  it  is  not  so  in  a  malformation  production,  or  in 
a  Repair,  {c)  In  it  some  reparative  regenerative  effort  in 
response  to  the  irritation  is  a  constant,  for  the  response  is  a 
vital  action  ;  but  such  effort  is  always  during  the  process 
a  failure,  and  is  inefficient  in  respect  of  Repair^  or  of 
regeneration  ;  but  such  regenerative  yet  inefficient  or 
abnormal  effort  is  also  a  constant  in  the  production  of 
malformations,  although  the  product  of  the  response  is 
not  then  fitly  related  to  the  causal  injury,  (d)  In  it,  with 
this  failure  to  repair  efficiently,  there  is  constantly  present 
some  damage  or  impaired  function,  the  fifth  sign,  shown 
always  in  some  regressive  or  necrotic  changes  of  the  part 
responding,  which  is  not  seen  in  a  pure  Repair,  though 
common  enough  in  a  malformation,  (e)  In  it  the  product 
of  the  response  is  always  inefficient  and  damaging  to  the 
organism  ;  but  it  presents  specific  relations  of  fitness  to 
the  irritant  agent,  and  this  is  not  so  in  Repair,  nor  in  a 
malformation  proper.  (/)  In  it  the  evolved  reparative 
faculties  are  not  less  constantly  present  and  operative 
than  in  a  simple  Repair,  and  in  the  production  of  malfor- 
mations. {£)  In  it  the  massive  injury,  though  not  a 
constant  concomitant,  is  a  frequent  one,  and  then  it  may 
serve  as  a  contributory  factor  to  the  action  of  the  extrinsic 
irritant  ;  and  it  may  be  simply  repaired,  or  may  later  on 
condition  some  additional  form  of  "injurious  irritation." 
(h)  In  it  the  constant  concomitant,  "  injurious  irritation," 
which  is,  theoretically  at  least,  absent  in  malformation 
production,  initiates  and  measures  the  inflammatory  pro- 
cess itself.  During  this  irritant  action  the  response  to 
it  persists,  and  so  it  is  measured  in  the  various  phases  of 
the  process  displayed  ;  and  as  it  diminishes  or  ceases,  the 
responses  correspondingly  cease  or  diminish,  and  then 
recovery  begins  and  goes  on,  so  as  to  involve  an  ultimate 


SECTION   V:    ITS   LIMITATIONS  325 

Repair  of  any  initial  massive  injury,  if  any  had  been,  and 
also  of  the  above-mentioned  damages  or  regressive  changes, 
which  had  always  shown  some  relations  of  fitness  to  the 
irritant  agent,  but  none  to  the  responding  organism  or 
its  part.  (/)  In  it  thus  the  whole  process  of  inflammatory 
perturbation  of  repair  begins,  continues  and  ends  under  the 
direction,  or  rather  misdirection,  of  the  irritant,  either  in 
the  presence  or  in  the  absence  of  any  perceptible  massive 
injury,  and,  if  such  be  present,  quite  irrespectively  of  or 
antagonistic  to  its  Repair.  (J)  In  it  we  have  a  series  of 
changes  which  are  terminable  in  recovery,  but  only  if 
and  when  the  injurious  irritation  either  diminishes  or 
ceases  ;  so  that  Recovery  is  not  a  constant  character,  and 
is  not  met  with  if  the  irritation  persists  or  repeats,  (k)  In 
it  the  product  of  the  response  is  in  part  at  least  regressive, 
not  persistent,  that  is,  it  does  not  endure  as  does  the 
organism  or  its  part,  and  it  contrasts  in  this  respect  with 
simple  repair  products  and  with  many  forms  of  malforma- 
tions or  deformities,  or  compromises  of  Repair,  such  as 
scars.  (/)  In  it  the  products  of  the  responses  are,  ae 
said,  not  persistent,  because  they  are  regressive,  and  not 
beneficent  to  the  responding  organism  ;  but  they  always 
persist  long  enough  to  benefit  the  irritant,  to  which  during 
all  their  phases  they  are  fitly  related,  as  is  especially  well 
seen  in  parasitically  caused  Inflammations,  and  especially 
well  in  plants. 

Thus  a  comparison  is  drawn,  by  which  adequate  con- 
trasts and  distinctions  are  perceptible,  between  a  simple 
Repair,  perturbations  thereof,  that  is.  Inflammations,  and 
malformation  production  ;  even  although  at  the  same  time 
the  close,  intimate  and  essential  connections  of  all  three 
appear  with  so  much  vividness  as  to  make  an  absolute  or 
rigid  separation  not  always  possible. 

The   malformations   dealt  with  above  as  abnormal  re- 
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generative  efforts  include  heteromorphoses,  and  both  are 
placed  on  one  side  of  an  ideal  line,  on  the  other  side  of 
which  stand  the  inflammatory  perturbations  ;  so  that  it  is 
to  me  quite  inadmissible  to  place,  as  O.  Hertwig  has  done, 
plant  galls  among  the  heteromorphoses. 

§  53(«.  No  vital  responses  to  "  injurious  irritation " 
known  to  me  show  more  convincingly  than  plant  galls  do 
that  they  are  inflammatory  perturbations  of  Repair ; 
seeing  that  they  begin,  progress,  are  fitly  related  to  and 
end  under  the  direction  of  the  irritant,  and  show  clearly  the 
required  distinctions  from  the  heteromorphoses  and  other 
malformations.  O.  Hertwig  truly  found  the  study  of 
plant  galls  very  useful  in  connection  with  his  question, 
that  is,  the  significance  of  epigenesis  versus  preformation  ; 
but  his  pursuit  of  this  question  by  no  means  justified  his 
placing  plant  galls  among  the  malformations  and  the 
heteromorphoses,  and  so  to  separate  them  quite  from 
Inflammations^  to  which  they  are  so  much  more  closely 
related. 

Neither  is  there  any  true  or  close  analogy  between 
such  instances  of  heteromorphosis  as  Loeb  refers  to, 
in  which  sometimes  structurally  and  even  apparently 
functionally  normal  organs  are  produced  in  abnormal 
positions  in  plants  or  in  animals,  and  gall-growths,  which, 
wherever  they  are  placed,  are  always  more  or  less  hetero- 
logous in  structure,  functionally  are  adverse  to  the 
organism  which  responds,  and  are  specifically  fitly  related 
to  the  irritant  cause  of  the  series  of  changes,  while  they 
present  few  if  any  indications  of  any  close  alliance  with 
true  malformations  or  with  heteromorphoses  of  any  order. 

The  growth  of  apparently  normal  roots,  under  good 
cultivation  conditions,  from  some  small  masses  of  gall 
tissue  which  are  no  longer  related  either  to  the  gall- 
producer  or  the  host  plant,  except  in  structure  and  by 
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descent,  such  as  we  see  in  some  Nematus  galls  on  Salix 
purpurea^  is  not  easily  classified  in  any  known  group,  that 
is,  either  as  Inflammation  or  as  malformation. 

Such  root-growth  from  a  gall  is  not  a  simple  Repair  of 
it,  or  a  perturbation  thereof,  nor  is  it  directly  due  to  any 
"  injurious  irritation,"  of  the  part  or  of  its  tissue,  even  if 
indirectly  it  has  had  some  association  with  a  previous  irrita- 
tion, of  which  perhaps  later  effects  may  result  in  some  way 
by  a  persistence  of  motion. 

It  is  not  a  simple  Recovery  nor  a  true  malformation, 
although  it  approaches  more  nearly  to  a  heteromor- 
phosis  than  to  any  other  of  these  abnormal  products,  seeing 
that  it  results  in  the  production  of  a  normal  organ  in  an 
abnormal  position. 

The  factors  in  the  process  are  the  gall  tissue,  a  specific- 
ally modified  and  perturbed  one,  with  the  evolved  intrinsic 
regenerative  faculties,  as  then  present,  and  conditioned  in 
such  tissue,  tending  to  revert  to  or  towards  a  norm,  not 
further  perturbed  by  any  new  extrinsic  irritant  actions, 
but  much  influenced  by  good  cultivation  conditions  of 
the  environment,  especially  by  moisture  and  heat.  The 
product  is  essentially  a  normal  organ,  but  it  is  not,  and 
does  not  develop  into,  a  normal  organism. 

The  whole  series  of  events  resembles  that  in  which  a 
dwarf  is  produced,  but  one  which  is  not  viable.  There- 
fore it  seems  reasonable  to  consider  it  as  due  to  an  attempt 
by  an  inefficient  or  imperfect  responding  mass  to  complete 
or  produce  a  viable  organism.  It  is  in  effect  a  hetero- 
morphosis,  or  more  like  that  than  anything  else.  The 
newly  produced  organ  is  misplaced,  it  is  not  efficient,  or 
is  only  so  for  a  very  short  time. 

This  response  is  of  great  interest,  not  only  in  regard  to 
the  question  of  epigenesis,  but  also  as  an  example  of  a 
reversion  to,  or  towards,  a  norm  of  tissues  which  had  been 
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perturbed  and  in  which  the  irritant  actions  had  ceased, 
though  some  of  their  consequences  still  persisted  in  the 
structures  which  had  been  produced.  It  may  well  be  con- 
sidered as  an  imperfect  and  failing  attempt  to  Recover,  a 
sort  of  compromise,  and  not  a  good  one. 

§  54.  If  I  have  laboured  here  overmuch  the  considera- 
tion of  the  reparative  faculties  and  mechanisms  which  are 
perturbed  in  Inflammation,  as  I  understand  it,  it  is  partly 
because  of  their  intrinsic,  universal  and  fundamental 
importance,  and  partly  because  of  the  necessity  of  ade- 
quately separating  those  abnormalities  of  the  reparative 
process  which  are  more  conveniently  included  in  the  term 
malformation  from  Inflammation  and  from  Repair,  con- 
nected closely  as  indeed  they  all  are. 

I  have  incidentally,  in  the  course  of  the  argument  and 
its  illustrations,  so  frequently  referred  to  Inflammation  as 
a  perturbation  of  Repair,  and  have  so  often  shown  the 
chief  characters  by  which  it  is  marked  off  from  Repair, 
normal  and  abnormal,  that  it  is  superfluous  here  to  deal 
again  with  them,  their  causes  or  their  consequences. 

I  will  now  therefore  only  say  that  in  my  view  "  in- 
jurious irritation "  is  the  perturbing  cause,  and  is  the 
constant  and  necessary  antecedent,  or  rather  concomitant, 
of  that  series  of  changes  in  a  living  organism,  or  part, 
which  has  here  received  the  name  of  Inflammation  in  all 
organisms  ;  and  it,  the  "  injurious  irritation,"  then  stands 
related  to  the  responses,  as  does  injury  to  Repair,  so  that 
without  "  injurious  irritation "  there  is  no  Inflammation 
in  general  pathology. 

It  differs,  however,  from  injury  in  some  essentials, 
which  may  properly  be  noted.  Injury  is  a  passive,  often 
a  locally  fatal,  effect  of  an  action  which  has  ceased  ; 
"  injurious  irritation  "  is  a  persisting  condition  of  disturb- 
ance, or  a  perturbation  of  a  living  cell,  or  of  a  tissue,  due 
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to  the  persisting  and  still  acting  agent  of  disturbance,  the 
irritant,  which  deflects  the  normal  path  of,  but  does  not 
arrest  the  intrinsic  vital  movements  of  nutrition  or  repair 
in  the  perturbed  cell  or  cell-complex.  It  is  slight  or,  as 
has  been  said,  even  cryptic  ;  but  its  ultimate  effects  may  be 
very  obvious  and  progressive,  when  accumulated,  because 
it  persists  or  repeats,  and  it  is  always  a  concomitant  of 
the  inflammatory  response,  not  an  antecedent  only. 

It  does  not  itself  ever  directly  kill  or  produce  loss  or 
defect ;  although  indirectly  it  determines  the  misdirected 
responses,  or  the  regressive,  even  necrotic,  changes  which 
follow  in  some  of  the  cells  and  tissues  of  the  focus,  and  such 
responses  frequently,  perhaps  always,  produce  some  local 
death  or  defect,  and  are  responsible  for  the  constant  damage. 

The  so  perturbed,  intrinsic  reparative  faculties  are 
commonly  excited  by  the  irritation  to  an  excessive,  often 
progressive,  local  action,  and  the  irritant,  although  always 
injurious,  can  and  does  stimulate  or  increase  some  of  the 
local  vital  faculties,  proliferative  and  other,  while  at  the 
same  time  it  misdirects  them  or  deflects  their  path,  so  as 
to  render  the  product  damaging,  disorderly,  even  hetero- 
logous, as  regards  the  organism  affected  ;  though  often, 
as  in  plant  galls,  it  is  clearly  orderly  in  structure,  and 
useful  as  regards  the  irritant. 

In  this  way  can  be  explained  most  of,  perhaps  all,  the 
regressive  changes  in  the  product  or  the  response,  which 
result  in  a  local  death  or  defect,  and  also  the  progressive 
changes  so  constantly  met  with  simultaneously — a  con- 
junction of  events  which  gave  Virchow  and  other  patho- 
logists much  concern  to  explain. 

The  irritant,  and  its  direct  effect,  "injurious  irritation," 
are,  as  I  have  said,  never  absent  at  the  time  and  place 
where  Inflammation  is,  even  although  an  irritant  may 
not  easily  be  found.     The  irritant  in  action  is  that  which. 
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through  "  injurious  irritation,"  deflects  or  perturbs  the 
evolved  intrinsic  normal  functions,  nutritive,  formative, 
or  other  ;  and  thus  it  measures  as  cause,  all  through  the 
phases  of  the  process,  the  efi^ects,  responses,  or  mani- 
festations. 

Thus  thought  of,  the  expression  "  perturbation  of 
repair  "  is  appropriate,  as  is  also  the  idea  of  a  persisting 
misdirection,  so  long  as  the  process  of  Inflammation  itself 
endures.  For  the  irritant,  as  the  cause  of  the  "  injurious 
irritation,"  misdirection  or  perturbation,  obeys  the  law 
of  all  natural  causation,  and  the  effects  show  the  same 
obedience,  in  the  relations  of  fitness,  always  seen  in  the 
products  to  the  irritant,  however  unfit  they  may  be  to 
the  perturbed  organism. 

These  relations  of  fitness  to  the  irritant  are  best  seen,  I 
think,  in  plant  galls,  but  they  are  also  exhibited  in  many 
of  the  typical  Inflammations  in  man,  which  are  parasitic 
in  their  etiology,  as  most  of  them  are. 

Although  true  Inflammations  are  met  with  which  are 
not  parasitic  in  origin,  yet  are  these  the  less  typical 
forms,  and  in  them  the  relations  of  fitness  to  the  irritant 
here  spoken  of  are  much  less  obvious  ;  yet  they  also, 
if  considered  in  the  light  afforded  by  the  study  of 
the  parasitic  forms,  are  found  also  obedient  to  the  law  of 
equality  of  cause  and  effect,  and  show  in  the  responses 
to  traumatic  irritations  that  the  effects  are  fitly  related  to 
the  causes,  even  when  such  relation  is  less  obvious  than 
in  the  parasitic  cases.  See  especially  the  persisting  or 
repeating  traumatic  irritations,  and  Inflammations. 

The  perturbations  of  the  evolved  intrinsic  reparative 
mechanisms  and  faculties,  that  is,  of  the  automatic 
reparator,  so  called  forth  by  the  irritant  actions,  through 
"injurious  irritation,"  are  manifested  by  the  signs  of 
Inflammation  in  man. 


SECTION   V:    ITS   LIMITATIONS  331 

Of  these  signs,  in  all  organisms,  the  most  constant  and 
universal  are  perturbed  or  disorderly,  often  excessive, 
always  damaging  exertions  of  the  very  faculties  which,  in 
the  absence  of  "injurious  irritation,"  but  in  the  presence 
of  a  simple  massive  injury,  effect  a  Repair  proper. 

These  faculties  are  the  evolved  intrinsic  nutritive  and 
formative  ones,  of  which  the  most  universal  manifestation 
is  a  proliferation  of  structural  units  of  cells,  and  of  cells 
themselves,  with  development  into  tissues,  combined  with  a 
constant  and  necessary  adequate  supply  of  growth-materials. 

Such  manifestations  vary  in  degree  with  the  structures 
and  faculties  of  the  responding  organism  or  of  its  part  ; 
and  thus  in  some,  that  is,  in  the  higher  vascular  and 
nervous  ones,  we  often  have  heat  and  redness,  pain 
and  swelling,  even  so  displayed  as  to  dominate,  and 
then  to  somewhat  obscure  in  them,  the  proliferative 
signs  also  present,  but  not  to  hide  the  fifth  sign,  the 
damage,  for  this  is  constant. 

These  traditional  manifestations  are  not,  however,  and 
cannot  represent,  the  Inflammation  idea  as  manifested  in 
all  organisms  or  in  general  pathology,  as  here  the  word  is 
understood  ;  for  they  apply  only  to  some. 

Thus,  a  constant  manifestation  is,  I  think,  found  for 
Repair^  for  Inflammation  and  for  malformation  production 
in  all  organisms,  that  is,  in  general  pathology  ;  which 
manifestation  rests  upon  the  evolved  intrinsic  reparative 
faculties,  acting  efficiently  or  not,  perturbed  or  otherwise 
abnormally  conditioned,  and  in  this  manifestation  pro- 
liferations alone  are  never  absent,  although  they  are 
often  diversely  displayed. 

However,  Inflammation  itself  cannot  be  accepted  as  a 
faculty  evolved  in  obedience  to  the  law  of  survival  of 
the  fit  ;  seeing  that  in  it  damage  is  a  constant,  as 
may   be    seen    in    the    general    acceptance    of    the    fifth 
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sign,  or  of  regressive  structural  changes  as  constants  ; 
and  also  in  the  fact,  so  much  asserted,  though  also 
controverted,  that  it  has  not  itself  essentially  or  con- 
stantly any  useful  or  salutary  effect  or  purpose.  Inflam- 
mation^ be  it  remembered,  is  terminable  often,  though  not 
constantly.  It  is  so  when  the  "  injurious  irritation  "  ceases 
or  relatively  diminishes,  from  whatever  cause.  This  occurs 
often  as  a  normally  occurring  part  of  the  life-history  of 
the  irritant,  when  a  parasite.  Then  Recovery  begins  and 
goes  on  ;  Repair  dominates,  and  is  or  may  be  efficient. 

When,  as  often  happens,  the  irritant  persists  in  action, 
or  repeats,  or  spreads,  then  the  responses  persist,  damage 
goes  on,  the  process  does  not  terminate,  except  perhaps 
in  local  or  in  general  death,  and  Recovery  cannot  take 
place.  Thus,  the  terminable  character  of  Inflammation 
is  not  a  constant,  it  is  not  a  diagnostic,  and  in  this 
way  Inflammation  is  not  separable  from  the  process  by 
which  new  growths  are  produced,  nor  from  that  which 
sets  up  malformations. 

Inflammation  is  a  local  process,  as  is  commonly  and 
rightly  taught  ;  but  the  locality  is  not  limited  or  defined, 
and  at  its  periphery  it  is  often  very  indefinite.  It  may 
spread  through  the  whole  of  a  large  and  complex  organism, 
and  be  represented  at  different  parts  of  the  focus  by 
different  grades,  signs  and  manifestations. 

Always,  somewhere,  there  is  irritation  and  proliferation  ; 
but,  in  the  focus  somewhere,  its  signs  may  be  found,  even 
if  indefinitely  distributed,  as  heat  or  pyrexia,  or  as  various 
chemical  changes  of  fluids  or  solids,  such  as  the  pro- 
duction of  toxins,  antitoxins  and  allied  substances,  or 
phases  of  material,  which,  however,  are  not  constant  in 
all  organisnis,  so  far  as  is  known  ;  but  when  present 
as  consequences  of  "injurious  irritations,"  are  signs  of 
Inflammation. 
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^  S5-  Difficult  although  it  is,  as  so  many  failures  have 
demonstrated,  I  cannot  avoid  making  an  attempt  now  to 
define  my  Inflammation  idea  in  General  Pathology  in  a  short 
formula  : — 

In  virtue  of  those  evolved  normal  faculties^  hy  which  all 
living  organisms  repair  waste  and  either  normal  or  casual 
injuries^  and  without  which  they  could  not  live^  all  living 
structural  units  of  cells ^  cells ^  or  cell-complexes  react  in  response 
to  "  injurious  irritation  "  hy  a  proliferation  with  modifications 
directed  by  the  irritant^  often  obviously  for  its  purposes.  Such 
responses  are  always  fitly  related  to  the  irritant^  as  other  effects 
are  to  their  causes^  but  always  they  are  misdirected  as  regards 
the  organisms  in  which  the  process  occurs^  and  are  so  unfitly 
related  to  them  as  to  be  always  damaging.  Although^  as  all 
organisms  must  be  considered  in  a  General  Pathology^  such 
modified^  or  misdirected^  or  perturbed  proliferation  is  the  only 
known  constant  and  universal  mode  of  response  to  injurious 
irritation.,  yet  it  is  not  the  sole  mode  for  some  organisms.  In 
some^  as  in  man.,  it  is  less  obvious  than  are  the  responses 
evinced  after  such  "  injurious  irritations  "  by  and  in  the  blood- 
vessels and  nerves  ;  but,  even  in  these  cases,  such  proliferations 
are  never  absent.  These  misdirected,  perturbed  responses  are 
Inflammation,  as  it,  or  its  equivalent,  is  met  with  in  all 
organisms  in  General  Pathology.  It  is  distinguished  from 
Repair,  for  it  is  a  perturbation  thereof.  It  is  a  casualty,  a 
disease,  and  is  not  an  evolved  faculty,  as  is  repair.  It  is 
distinguished  also  from  malformation  production,  though  by  less 
well-defined  characters,  so  that  the  boundaries  of  each  may 
overlap,  and  be  difficult  or  impossible  to  trace. 

This  attempted  definition  differs  in  no  important 
particular  from  that  given  in  the  postscript  to  my  reprint 
of  the  address  "  On  some  Diseases  of  Plants  compared  with 
those  of  Man"  (1903),  and  it  only  varies  the  language 
a  little,  so  as,  I  hope,  to  make  the  meaning  more  clear. 
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It,  taken  together  with  the  long,  and  I  fear  often 
involved,  descriptions  given  of  the  phenomena,  their 
etiology  and  mutual  relations,  in  such  a  wide  field,  is  in 
harmony  with  the  assumption  I  adopted  at  p.  i6  of  that 
address,  that  all  reactions  of  living  tissues  to  irritations 
are  rightly  considered  as  Inflammations  ;  but,  with  the , 
qualification  that  all  such  irritations  are  to  be  held  as 
concomitant,  persisting  and  injurious,  I  adopt  it  now,  as 
modified,  after  a  reconsideration. 

The  difficulties  presented  in  the  examination  already 
given  in  the  results  of  abnormalities,  of  the  intrinsic 
reparative  faculties,  as  in  the  various  malformations, 
heteromorphoses,  deformities.  Repairs  and  Recoveries^  are 
explained  ;  seeing  that,  in  the  said  examination,  adequate 
distinctions  are  afforded  in  a  degree  not  less  positive  than 
we  find  in  many  other  comparable  series  of  phenomena 
in  matters  biological. 

This  view  justifies  the  observer  often  in  concluding 
from  the  characters,  structures,  courses  and  fates  of  the 
responses  themselves,  even  when  i:ieither  an  irritant  nor 
any  "injurious  irritation"  is  demonstrable,  that  such  causes 
were  or  had  been  operative  ;  and  the  reasoning,  although 
resting  mainly  on  analogical  grounds,  is  legitimate  ;  and, 
if  not  amounting  to  a  demonstration,  is  convincmg  in 
proportion  to  the  closeness  of  the  analogies  ;  and  it  is  the 
best  ground  available  for  a  diagnosis. 

This*  inflammation  idea  has  some  recommendations  in 
that  it  helps,  if  not  satisfactorily  to  all  minds,  yet  in  some 
degree,  I  hope,  to  many,  to  remove  some  of  the  grounds 
of  the  "  confusion,"  or,  as  it  has  been  also  called,  the 
'  anarchy,"  which  is  prevalent  in  the  present  doctrines 
regarding  Inflammation  ;  and  to  connect  the  known  pheno- 
mena into  one  intelligible  conception,  in  a  general  pathology. 

Thus,  it  makes  all  living  organisms  and  their    tissue 
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elements  its  seats,  and  it  does  not  demand  in  it  con- 
ditions and  structures,  such  as  blood-vessels  and  nerves, 
which  are  present  only  in  some. 

It  recognises  Inflammation  explicitly  as  a  disease  process, 
in  which  damage  is  a  constant,  and  it  explains  that  damage. 
It  separates  this  disease  process  adequately  from  the  repair 
process,  and  it  shows  the  kind  and  degree  of  the  actual 
and  necessary  relations  existing  between  this  normal 
faculty,  as  a  fundamental  one  in  the  disease  process,  and 
the  said  disease  process  itself. 

It  offers  an  intelligible  conception  of  the  complex 
etiology  of  this  disease  process,  so  related  to  and 
dependent  upon  an  evolved  normal  reparative  faculty, 
its  prime  mover,  so  to  say,  while  yet  determined  as 
to  its  characteristic  and  damaging  features  by  an  extrinsic 
perturbing  factor  ;  and  it  explains  also  the  relations  of 
fitness  to  the  irritant,  displayed  in  a  still  living  and 
progressively  active  tissue. 

It,  I  think,  clears  up  some  of  the  difficulties  presented 
to  our  minds  by  those  who  do  not  adequately  separate 
reparative  responses  from  inflammatory  ones,  but  rather 
seem  to  mix  them  up  together,  in  various  modes. 

It  recognises  the  direct  evolution  of  the  reparative 
faculties  by  a  survival  of  the  fit  ;  and  it  contests  the  con- 
ception of  a  similar  direct  evolution  of  the  faculty  to  suffer 
Inflammation  ;  while  it  grants  an  indirect  evolution  of  the 
faculties,  whether  in  the  irritant  or  the  host,  or  in  both, 
which  are  operative  in  the  disease  responses. 

It  leaves  out  intentionally  the  greater  part  of  the 
details  or  steps  in  the  process,  lest  one  should  fail  to  see 
the  wood  for  the  trees  ;  but  it  explicitly  declares  that  one 
group  of  phenomena  is  a  constant  in  all  Inflammations^  in 
all  organisms,  namely,  a  misdirected  proliferation  related 
fitly  to  its  cause,  the  extrinsically  derived  irritant. 
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It  recognises,  mainly  on  grounds  of  seniority,  or 
priority,  that  the  type  of  the  disease  process  is  met  with 
in  man  ;  but  it  does  not  grant  that  the  characteristics 
most  obvious  in  that  type  are  the  constant  and  character- 
istic ones  in  all  organisms  in  general  pathology  ;  and  it 
seeks  the  constant  in  that  which  is  common  amid  the . 
variable  throughout  the  whole  area. 

It  denies  that  inflammation  is  purposive,  in  the  sense 
of  being  beneficent  to  the  responding  organism,  or  that 
it  is  preparatory  to  a  repair,  or  in  any  sense  a  salutary 
process,  or  a  healing  power  in  nature,  or  that  it  cancels  or 
removes  the  irritant  ;  and  it  asserts  that  it  is  an  effect 
of  or  a  response  to  an  "  injurious  irritation,"  which  it 
measures,  and  to  which  its  results  are  fitly  related,  as  are 
other  effects  to  their  causes,  so  that,  if  purposive  at  all,  it 
is  so  to  the  irritant. 

It  recognises  that  the  process  is  manifested  locally,  while 
it  grants  freely  that  the  limitations  of  the  local  changes 
are  indefinite,  and  that  it  may  involve  the  whole  of  the 
responding  organism  ;  and  it  also  includes  all  the  diverse 
phenomena  which  the  injurious  irritation  has  set  up. 

It  asserts  that  irritant  action,  "  injurious  irritation," 
does  itself  induce  true  proliferations,  and  demonstrates 
this,  at  least  in  plant  galls  ;  and  it  denies  that  pro- 
liferative or  progressive  responses  are  only  caused  by  the 
so-called  stimuli,  and  are  limited  to  repair  processes. 

It  shows  that  the  misdirected  responses  of  proliferation 
are  at  least  indirectly,  often,  if  not  always,  in  some  degree 
regressive,  and  so  may  lead  to  degeneration  and  necrosis, 
and  still  are  parts  of  the  process  of  Inflammation  ;  and 
it  denies  that  they  are,  as  has  been  said,  no  part  of 
Inflammation  ;  it  shows  in  what  way  they  are  parts  of 
it,  and  their  relations  of  fitness  to  their  causes. 

It  shows  characteristic  manifestations  of  the  process  by 


SECTION   V:    ITS   LIMITATIONS         337 

which  it  can  be  recognised  and  diagnosed  with  approxi- 
mate confidence,  even  in  cases  where  the  "  injurious 
irritation,"  or  the  irritant,  is  itself  not  discoverable  by- 
observation. 

It  solves  the  difficulty,  so  often  felt  and  expressed 
by  pathologists,  of  the  concurrent  association  in  one 
focus  of  regressive  and  progressive  phenomena,  by  explain- 
ing such  association. 

It  disposes,  I  think  adequately,  of  the  difficulty  which 
some  recent  publications  have  so  much  brought  forward, 
of  the  relative  significance  of  the  intrinsic  faculties  of 
the  organism,  and  of  the  extrinsic  factors  in  the  pro- 
cess, by  showing  their  actual  relations  and  interdepend- 
ences, not  only  in  it,  as  it  usually  is  understood 
in  typical  Inflammation^  but  also  in  other  allied  and 
markedly  proliferative  responses,  or  groups  of  phenomena, 
such  as  the  neoplasms,  or  tumours,  especially  in  those 
which  are  malignant,  and  especially  destructive,  damaging 
and  regressive. 

It  recognises  and  duly  appreciates  the  immense 
significance  of  the  etiological  factors  in  the  process, 
and  it  relates  these  to  the  effects,  especially  as  displayed 
in  the  '  more  instructive  forms,  that  is  to  say,  the 
parasitic  ones. 

^  ^6.  In  this  first  part  of  the  essay  on  The  Inflammation 
Idea  in  General  Pathology  I  have  with  intent  given  few  and 
exceptional  references  to  pathological  authorities  ;  but 
in  the  second  part  it  is  intended  to  correct  this  seeming 
neglect,  and  to  present  then  and  fairly  appreciate  at 
least  so  much  of  the  work  of  past  authorities  in  patho- 
logy as  may  show  the  development  of  the  Inflammation 
idea :  the  organisms  in  which  its  manifestations  have 
been  studied,  the  characteristics  of  such  manifestations 
as    have    been    accepted    by    different    authorities,    the 
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etiological  factors  also  as  they  have  been  accepted  by 
different  authorities,  also  the  diverse  and  conjflicting 
views  which  have  been  entertained  as  regards  the 
essentials  in  it,  and  its  consequences  or  "  purposes "  ; 
which  views  have  as  yet  not  been  harmonised  into 
an  accepted,  connected,  or  intelligible  whole  ;  but  have 
indeed  rather  left  such  a  chaotic  result,  that  Andral  in 
1832  and  Thoma  in  1886  frankly  desired  to  abandon 
the  word  and  the  idea. 

While  very  many  of  the  ablest  teachers  have 
shrunk  from  formulating  the  idea  of  inflammation  in 
a  strictly  limited  definition,  as,  e.g.^  Virchow,  Paget, 
and  Burdon-Sanderson,  some  others  have  framed  strict 
definitions,  often  by  limiting  the  Inflammation  idea  to 
certain  animal  organisms,  or  to  certain  tissues  in  them, 
or  to  certain  restricted  changes  in  those  tissues  or  tissue 
elements,  without  adequate  reference  to  other  organisms, 
or  to  the  relative  significance  of  these  restricted  concep- 
tions to  allied  or  equivalent  phenomena,  often  of  similar 
etiology  and  having  analogous  characters,  when  seen  in 
the  same  organisms  which  they  study. 

Of  these  definitions  a  selected  characteristic  series  will 
also  be  given.  In  this  way  it  will,  I  think,  appear 
that,  if  a  harmonious,  connected  and  intelligible  con- 
ception of  Inflammation  as  a  whole  in  all  organisms  in 
general  pathology  can  be  made  clear,  in  respect  of  its 
etiology  and  of  its  characteristic  manifestations,  there 
will  be  a  gain  to  pathological  science  ;  and  this  I  venture, 
though  timidly,  to  hope  has  been  here  attained,  if  not 
surely,  yet  with  some  degree  of  probability. 

It  is  expedient  for  the  reader  always  to  remember  that 
•  inflammation  was  formerly  thought  of,  not  as  a  part  of 
general  pathology^  but  as  a  group  of  phenomena,  some  of 
them  subjective  only,  and  chiefly  exhibited  in  man. 
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In  such  a  school  of  pathology  I  was  educated  in  the 
forties  of  the  last  century  ;  and  doubtless  I  enjoyed  then 
such  advantages  as  are  connected  with  strict  limitations 
and  definitions,  as  well  as  the  disadvantages  tending  to 
want  of  breadth,  which  it  also  presented.  At  this  date 
I  had  for  teachers  :  Samuel  Cooper,  who  advocated  some 
of  the  doctrines  which  Hunter  had  worked  against.  Thus, 
he  said  :  "  In  almost  all  the  cases  which  fall  under  the 
care  of  surgeons,  inflammation  is  more  or  less  con- 
cerned either  as  a  cause,  a  symptom,  a  complication,  or 
even  as  a  means  or  mode  of  cure  "  :  Liston,  who  worked 
hard  and  with  some  success  to  avoid  or  elude  inflam- 
mation, and  to  secure  healing  by  first  intention  :  C.  J.  B. 
Williams,  who  was  concerned  chiefly  with  the  steps 
of  the  process,  and  connected  it  chiefly,  indeed  solely, 
with  vascular  phenomena,  and  had  much  in  his  mind  the 
leucocytes,  and  even  W.  Addison's  observations  :  and 
Walshe,  who  in  this  field  was  concerned  mainly  with  the 
problems  of  the  mechanical  and  physical  changes  associated 
with  inflammation,  viewed  from  the  standpoint  of  the 
pathological  anatomist.  In  this  way  my  mind  was  brought 
into  relation  with  diversities  of  view  which  were  for  me 
very  confusing,  but  at  that  time  by  no  means  uncommon. 
While  it  is  granted  that  objects  seen  in  a  narrow  field  of 
view,  such  as  inflammation  presents  to  us  in  man,  are 
more  definite,  it  is  not  less  certain  that  the  visible  objects 
in  a  wider  area  are  so  shown  as  to  enable  the  observer 
better  to  judge  of  their  relative  proportions  ;  and  it  is  just 
this  question  of  the  proportionate  significance  of  the  pheno- 
mena observed  in  all  organisms,  which  is  here  raised  in  the 
study  of  Inflammation  in  General  Pathology.  My  present 
conviction  is  settled  in  favour  of  the  Inflammation  idea  as  it 
is  above  set  forth  ;  and  it  has  been  reached  after  as  full  and 
candid  a  study  of  past  and  recent  authorities  as  is  possible 
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to  me,  with  a  concurrent  series  of  observations  of  facts 
carried  on  for  many  years.  So  that  the  second  part  of 
this  essay,  although  it  may  show  the  paths  along  which 
my  thoughts  may  have  travelled  in  changing  so  much  as 
they  have  done  since  my  student  life,  will  not  be  likely 
to  reverse  or  fundamentally  to  change  them,  even  if  some 
new  difficulties  be  shown  to  require  explanation.  For 
such  a  reversion  would  imply  an  abandonment  of  the 
broader  field  of  view  and  a  return  to  the  narrower  one, 
which  would  be  in  conflict  with  my  individualism,  and 
with  the  present  tendencies  of  scientific  General  Pathology ^ 
as  I  understand  the  term. 

For  these  among  other  reasons,  I  purpose  publishing 
this  first  part  in  anticipation  of  the  second,  which  I  hope 
may  follow. 
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Interstitial  resolution,  132,  133. 
Invertebrates,    inflammation   in, 

136  ^/  seq. 
Irritant,  necrosis  as  an,  120. 
substances   in  Nematus   galls, 

-    .  '5. 

Irritants,  12,  13,  75,  249,  260. 

care  for  interests  of,  37. 

foreign  bodies  as,  121. 

in  animals,  75. 
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Irritants  in  galls,  48, 

in  ova,  315. 

in  plants,  11,  12. 

in  seeds,  315. 

microbic,  77. 

microbic-parasitic,  77. 

non-parasitic  agents   of  injury 
as,  70. 

parasitic,  77,  iii,  176. 

Virchow  on,  192. 
Irritation,  16,  81. 

agents  of,  in  plants,  12. 

damaging  responses  to,  36. 

extrinsic  and  intrinsic   causes 
of,  36. 

in  animals,  75,  81  et  seq. 

in  galls,  arrest  of,  48. 

manifestations  of,  18. 

mechanical,  212. 

of  cell-substances,  16  et  seq. 

of  plants,  1 6 

physiological,  195. 

(plants),  responses  to  injuries 
without,  35. 

responses  to  :  etiology  of,  36. 
in  animals,  84,  85. 
in  plants,  34,  ^i, 

Virchow  on,  194. 
Irritations,  formative,  205. 

inflammatory,  201,  203. 


Lacaze-Duthiers'  classification  of 
galls,  39. 

Landerer,  on  the  "  Doctrine  of 
Inflammation,"  193. 

Larvae  as  producers  of  malforma- 
tions, 293. 

Leaf-curls,  51,  135. 

Leucocytic  emigrations,  199. 

Limitations  to  Inflammation  idea 
in  general  pathology, 
252  et  seq. 

Lipoma,  180. 

Lobar    pneumonia,     126,     128, 

ISO- 
Local  reversion,  recovery  by,  66. 


Loeb    on   heteromorphism,    63, 

326. 
Lubarsch  on  parasitic  irritation, 

176. 
Lubarsch 's    term  for  neoplasms, 

180. 


Malformations,  289,  290,  313. 

abortions,  294, 

dwarfs,  297, 

embryos  as  producers  of,  293. 

etiology  of,  291. 

imperfectly  developed  tissues, 
293. 

inherited,  314,  316. 

in  plants,  316. 

larvee  as  producers  of,  293. 

of  repair,  313. 

ova  as  producers  of,  293. 

production  of,  293,  313. 
examples  of,  294. 
Malignancy,  an    explanation    of 
the  etiology  of,  needed, 

159- 
Malignant  growths,  148. 

growths   inseparable   from  in- 
flammations, 149. 
new  growths  as  inflammations, 

178. 
new  growths,  Author's  observa- 
tions on,  165  et  seq. 
Man   incapable   of  reproductive 

regeneration,  283. 
Maple,  galls  on,  51. 
Mechanisms,  responding,  and  the 
characteristics  of  each 
order    of    response    to 
irritation,  42  et  seq. 
Metchnikoff",  231. 
and  phagocytosis,  186,  187. 
on    Comparative    Pathology  of 
Inflammation,  184. 
Author's  criticism,  185. 
on  inflammations,  142. 
Metchnikoff''s  definition  of  inflam- 
mation inadequate,  144. 
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Metchnikoff's  definition  of  inflam- 
mation refuted,  145. 
Microbes,  development  of,  131. 

dispersal  of  germs,  112. 
Micro-organisms,  colonies  of,  98. 
Misdirected  responses  in  plants, 

32.  43- 
working  of  automatic  reparator, 

the,  103. 
Mistaken  ovipositing,  53. 
Morgan's  Regeneration,  295. 
Moss  Funaria  hygrometrica,  the, 

273,  277. 
Miiller's   law   of    cell-production 

and  development,  206. 
Murray,   Mr.  J.   A.,   on   cancer, 

150  et  seq. 


Necrosis,  103. 

as  an  irritant,  120. 
in  plants,  33. 
of  gall,  135. 
Nematus,  13,  24. 
caprecB,  19,  24. 
galls,  26,  63. 

Beyerinck  on,  14,  27. 
irritant  substances  in,  15. 
on  Salix purpurea,  2)'^']. 
on  willow  leaves,  24. 
viminalis,  26,  36. 
Neoplasms,  209,  221. 
Author  on,  154  ^^  seq. 
genesis  of,  176. 
Lubarsch  on,  180. 
Virchow  on,  209. 
Von  Hansemann  on,  155. 
Neuroterus,  22,  23,  60. 
New    growths,    autonomous,    in 
plants,  30. 
benignant,  180. 
inflammation     idea    as     to, 

181. 
malignant,  r68,  178. 
non-malignant,  180. 
Virchow  on,  207. 
Nipple-shaped  galls,  51. 


Non-nervous  tissues,  Virchow  on, 
197. 

Non-parasitic  agents  of  injury,  74. 
inflammation,  no,  136. 
irritants  in  animals,  74,  76. 

Non-vascular  tissues,  Virchow 
on,  197. 

Nottingham,  Meeting  of  the 
British  Medical  As- 
sociation at  (1892),  I. 

Nut-galls,  21, 

Nutrition,  Virchow  on,  196. 

Oak,  Andricus  curvator  gall  on, 

24,  37j  52- 
A.  inflator  gall  on,  37,  54. 
anthers,  22. 
apple,  23,  55. 

cause  of,  12. 

growth  and  development  of, 

.55- 
the  irritant,  13. 

catkins,  22. 

currant  gall  on,  15,  20,  22. 

Dryophanta  folii  galls,  60. 

galls,    dehiscence   of,    52,    58, 
60. 
Neuroterus  galls,  23. 
Spathegaster  ovum  on,  23. 

leaves,  spangles  on,  23. 

nut-galls  on,  21. 

separation  of  galls  from,  58. 

spangles  on,  23. 

vein-galls,  22. 

wounds  in  bud  of,  12. 
Oblong  galls,  27. 
Organ   regeneration   and   repair, 
125,     257,     271,     273, 
282. 
Organisms,    abnormal    regenera- 
tion, examples  of,  310. 

abnormalities   of  repair,    289, 
290. 

abortions,  294. 

arrested  repair,  262. 

automatic  reparator,  defects  in, 
258. 
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Organisms,  cell-division  of,  275. 
cell-proliferations  in,  270. 
defects  in,  258  et  seq. 
dwarf  production,  295,  297. 
earth-worms^  279,  280. 
embryos  in,  302. 
extrinsic  irritants  in,  260. 
faculty  of  repair  in,  261. 
fasciation  in,  316. 
formative  force,  286,  287, 
heteromorphosis   in,    63,  310, 

326. 
higher,  71,  283. 

incapable    of    reproductive 

regeneration,  283. 
hindrances  to  repair,  256. 
Inflammation,  true,   182,  236, 

268. 
inherited  malformations,  313- 

315- 
lowest,  repair  in,  257. 
malformations,  289,  290,  313. 

heritable,  313,  314. 

production  of,  293,  313. 
massive  injuries,    response  to, 

.  .^73- 
parasitic  mechanisms  in,  262. 
perturbation  of  repair,  290. 
pure  repair,  264,  270,  309. 
regeneration  of  tissue  or  organ, 
,  125,  257,271,273,  282, 

regenerative  repair  of,  257. 
repair    and    regeneration,    re- 
lations of,  258. 
repair  in,  272,  273,  274. 
reproductive    repair    in,    272, 

287,  305. 
response    to    casual     injuries, 

277. 
tissue-regeneration,  257. 
Ova  and  malformations,  293. 

in  organisms,  298. 
Ovipositing,  mistaken,  53. 

Paget  criticised  by  Author,  232 
et  seq. 


Paget  on  inflammation,  231,  234. 
on  repair  of  injuries,  235. 
on     reparative     processes     in 
plants,  46. 
Paget's    Address    on     Elemental 
Pathology,  233  et  seq. 
Lectures  on  Surgical  Pathology^ 

232. 
reference  to  Waldenburg,  233. 
Parasite   its   own  architect,    the, 

39- 
Parasites,  11,  12,  15,  38,  39,  51, 
68,    77,    80,    109,   no, 
112,  117,  215,  318. 
as  agents  of  injury,  11,  12. 
development  of,  in  plants,  38. 
galls  and,  39. 
in  abscess-pus,  117. 
in  animals,  77. 

in     plants     {cf.     Galls,     Gall- 
growth,  Phytopti). 
in  pus,  117. 

preservation  of  species,  112. 
Parasitic  eggs  misplaced,  24. 
fungi,  15,  68,  318. 
in  silver  fir,  318. 
galls,  51. 
irritation,  Lubarsch  on,  176. 

responses  to,  in. 
mechanisms  in  organisms,  262. 
phytopti,  fasciation  s  caused  by, 

317- 
Parasitism,  Virchow  on,  215. 
Parenchymatous       inflammation 

(Virchow),  197. 
Patch,  recovery  by,   60,   61,  66, 

125,     128,     130,     133, 

134. 
Pathological  physiology,  5,  6. 
Pathology,    General  (Ziegler),    5 

et  seq. 
Perturbation  of  repair,  290. 
Phagocytosis  in  animals,  123. 
Metchnikoff  on  Inflammation, 

186,  187. 
Physiological  irritation,  Virchow 

on,  195. 
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Phytopti,  15,  48,  49,  5I'  i35>  317. 

fasciations  caused  by,  317. 

galls  due  to,  38. 
Plant  galls,  Paget  on,  232. 
Plants,  agents  of  injury  in,  11,  12. 

and  animals  compared,  73. 

autonomous  new   growths  in, 

cell-proliferations  in,  16. 

diseases  of.  Author's  paper  on, 
146. 

disease-processes  in,  2. 

etiology,  extrinsic  and  intrinsic, 
of  the  damaging  re- 
sponses to  irritation, 
and  of  the  reparative 
ones  to  a  simple  mas- 
sive injury,  11,  36. 

inflammation  in,  186. 

Virchow's  conclusions,  191. 

injury  of,  11,  12. 

irritants  of,  11,  12,  16. 

misdirected  responses  in,  ex- 
trinsic and  intrinsic,  32, 

43- 

Paget  on  reparative  processes 
of,  in  plants,  46. 

parasites  in  {cf.  Galls,  Gall- 
growth,  Phytopti). 

recovery,  after  responses  to 
irritation,  compared 
with  repair  of  simple 
injuries,  11,  44. 

regeneration  of,  35,  272  et  seq. 

repair  of,  lo,  35,  109,  271  {see 
also  Trees,  repair  of). 

reparative  responses  to  massive 
injury  without  irrita- 
tion, II,  35. 

responding   faculties,  mechan- 
isms and  characteristics 
of  each    order    of    re- 
sponse, II,  42. 
•     responses  to  irritation,  11,  34, 

83-   . 
simple  repair,  11,  35. 
traumatic  injury  in,  42. 


Plants,  true  repair,  11,  35. 
Pneumonia,  acute  lobar,  resolu- 
tion of,  128,  130. 
lobar,  recovery  after,  126, 
process  of  resolution,  132. 
Poplars,  galls  on,  38. 
Precis    d'Anatomie    Pathologique 

(Andral),  72. 
Preservation  of  species  of  para- 
sites, 112. 
Proliferation  of  cells,  16,  17,  27, 
3o>  32,  35,  82,  86,  87, 
90,  95,   158,   199,  202, 
206,253,270,272,275. 
in  animals,  86  e^  seq. 
in  all  organisms,  270  et  seq. 
in  plants,  16  et  seq.,  87,  90. 
Propagation    by    cuttings,    273,. 

279,  282. 
Pruning   and   collateral    growth, 

56. 

Pure  repair,  264,  270,  309. 

Purse-hke  galls,  51. 

Purulent  and  adhesive  inflamma- 
tion, Virchow  on,  204. 

Pus,  parasites  in,  117. 
production  of,  208. 

Pyogenic  bacteria,  103. 


Reactions  of  living  tissue  as  in- 
flammation, 334. 

of  tissues  to  irritants  as  inflam- 
mations, 2,  34. 
Recovery  after  responses  to 
injurious  irritation  (in- 
flammation) in  animals 
compared  with  a  repair 
of  simple  injuries,  106. 

after  responses  to  irritation, 
compared  with  repair 
of  simple  injuries,  44. 

by  local  reversion,  66. 

by  patch,  60,  61,  66,  125,  128, 

i3<?',  133,  134- 
by  resolution,  128,  130,  133. 
by  reversion,  64,  135. 


INDEX 


351 


Recovery  compared  with  simple 

repair,  44. 
(delayed  repair),  108,  118,  127. 
in  plants,  4,  44,  56. 
in  galls,  69. 
of  plants,    after   responses   to 

irritation,        compared 

with    repair  of  simple 

injuries,  44. 
Regeneration  : 

as  repair,  285  et  seq. 
Author's  theory  of,  285  et  seq. 
Hartig's  experiment,  284, 
in  plants,  35,  2^2  et  seq. 
normal,  310. 
of  cell  or  tissue,  125,  272,   278 

et  seq. 
of  organisms,  257,   271,    273. 

282. 
of  organs   or   members,    273, 

311- 
of  tissue  or   organ,   125,   257, 

271,  273,  282,  311. 
reproductive  (confined  to  plants 

and     lowest    animals), 

272,  287. 
Regenerative    effort,    inefficient, 

309^  311- 
repair,  Virchow's  idea  of,  287. 
reproduction      in     organisms, 

.277>  287,  305. 
responses,  abnormal,  311. 
Repair,  abnormality  of,  289. 
and  regeneration,  relations  of, 

258. 
and  responses  to  injury,  183. 
arrested,  262, 

in  gall  of  Cynips  kollari,  36. 
by    patch    of   gall    compared 

with  abscess,  134. 
in  Nematus  viminalis,  36. 
delayed  {see  Recovery), 
etiology  of,  247. 
hindrances  to,  256,  265. 
in  plants  and  animals,  109. 
malformations,     relations     of, 

311- 


Repair,  mechanism  of,  252  et  seq. 
of  injuries,  Burdon-Sanderson, 

237. 
of  injuries,  Paget  on,  235. 
of  injury,  3,  4. 
of  organisms,  247,  286. 
of  simple  injuries,  106. 
perturbation  of,  290. 
pure,  264,  270,  309. 
reproductive,  272. 
true,  in  plants,  35. 
Reparative    regenerative    efforts, 
inefficient  {see  Hetero- 
morphosis). 
Reports  of  the  Cancer  Research 
Fund  Committee,  149, 

i5o>  177- 
its  teachings  disputed  by 
Author,  178. 
Reproductive   regeneration,   272 
et  seq. 
confined  to  lowest  organisms, 
283. 
repair,  273,  287,  305. 
Resolution,  128. 

interstitial,  132,  133. 
rapid,  126. 
Responding     mechanisms      and 
characteristics   of  each 
order  of  response,  42. 
and  the  characters  of  each 
order  of  response,  98. 
Responses,  orders  of,  in  plants, 
Af2  et  seq. 
in  plants,  misdirected,  43. 
reparative,  in  plants,  46. 
to  casual  injuries,  277. 
to   injuries   without   irritation, 

3S- 

to  injurious    irritation  in  ani- 
mals, 85. 

to  injury  and  Repair,  183. 

to  irritation,  34. 

to  irritation  in  animals,  84. 
in  plants,  11,  34,  83. 

to  massive  injuries  in  animals 
without  irritation,  89. 
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Responses    to    massive    injuries 
without  irritation,  repair 
in  plants,  ii,  35. 
to  parasitic  irritations,  iii. 

Reversion,  recovery  by,  64,  135. 
true,  125. 

Rheumatism,    interstitial   resolu- 
tion after,  133. 

Rhodites  eglanterice,  20,  59. 

Rhododendron  ferrugineum,    gall 
on,  134. 

Root-growth,  28. 

Rose,  alpine,  gall  of,  15. 

Rose  leaf  gall,  20. 
wild,  galls  of,  59. 


Salix  alba,  19,  24,  27. 
purpurea,     26,     28,     36,     63, 

327. 

Samuel,    Der    Entzundungs-pro- 
cess,  193 
on  inflammation,  81. 

Sarcomata,  107,  221. 

Scarlet   fever,   interstitial  resolu- 
tion after,  133. 

Scientific  Reports  on  the  investi- 
gation of  cancer,  149, 

150.  177- 
Secretions,  inflammatory,  204. 
Seeds,  germinating,  315. 
Shrimp  Atyoida  potimirum,  311. 
Silver  birch,  witch-knots  on,  317, 

318. 
Silver  fir,  fungi  in,  318. 
Simple  injuries,  repair  of,  106. 
repair  compared  with  recovery, 

.44- 
repair  in  animals,  89. 

in  plants,  11,  35. 

Spathegaster   baccarum,    the,   15, 

20,  22,  54. 

gall,  20,  134. 

ovum  on  oak  leaves,  23. 

Spherical  galls,  26,  59. 

Stentor  cceruleus,  274. 

Stimulation,  82. 


Stimulus,  194. 

Strieker  on  Inflammation,  249. 

Suppuration,  103,  210. 

from  bacteria,  103,  112. 

recovery  after,  133. 

Virchow  on,  210. 
Suppurative     inflammation,     95, 

112. 
Sycamore,  galls  on,  51. 

phytopti  on,  49. 
Synergus,  20,  23,  55. 

appetite  of,  20. 
Syphilis,  79, 


Teras  terminalis,  the,  12. 
Thoma    on    inflammation    idea, 

72. 
Tissue,  cellular,  200. 

destruction      in      ulcerations, 

Virchow  on,  210. 
generation,  257. 
granulation,  225. 
regeneration  of,  125,  257,  272, 

282. 
Virchow  on,  235. 
wounds   of,    and    gall-produc- 
tion, 15 
Tissues,  non-vascular,  197. 
non-nervous,  197. 
reactions  of,  and  inflammation, 

2,  34- 
Trauma  of  tissue  in  gall-produc- 
tion, 15. 
on  oak,  12. 
Traumatic  injuries,   12,  42,  255, 

281. 
Trees,  repair  of  wounds  in,  281 
{see   also  Plants,  repair 
of). 
True    inflammation,     182,     189, 
190,  236,  268. 
repair  in  plants,  11,  35. 
Tubercle,  79. 
corpuscles,  217. 
development  of,  217. 
Virchow  on,  213,  217,  218. 
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Tuhularia       inesembryanthemum, 

295- 
Tumours,  io6,  214,  221. 

epithelial,  219. 
Typical  inflammation,  71,  240. 
experimental   investigation   of, 
96. 

Ulcerations,  210,  213. 
Ulnius  camprestris^  320. 

Montana,  316,  320. 
"  Universal   physiological  law  of 

nature,"    3,    259,    261, 

269,  284. 

Vaccinium    vitis    idcea,    gall   on, 

134- 
Variola,  79,  112. 
Vascular  changes,  200. 
Vein-galls,  22. 
Vertebrates,  typical  inflammation 

in,  71,  136. 
Virchow  on  cancroids,  219. 

on  cell-proliferation,  199. 

on  cell-proliferation  in  inflam- 
mation, 202,  206. 

on  caseation,  217,  218. 

"Cellular  Pathology,"  190, 
192,  194  ^/  seg. 

on  clinical  diversities  of  in- 
flammation, 205. 

on  the  "contagious  habit," 
214. 

on  continuous  development  of 
cellular  structural  ele- 
ments in  all  organisms, 
205. 

on  degeneration,  204. 

on  epithelial  cancers,  219. 

on  epithelial  tumours,  219. 

on  formative  irritations,  205. 

on  granulation  stage,  208. 

on  granulations,  207. 

on  inflammation  idea,  201. 

on  inflammatory  exudation, 
197,  204. 


Virchow  on   inflammatory  irrita- 
tions, 201,  203. 

on  innervation  of  parts  and 
tissue,  200. 

on  irritants  and  injuries,  192. 

on  irritation,  194. 

on  local  infectivity,  214. 

on  manifestations  of  irritation 
of  formative  faculties, 
198. 

on  mechanical  irritation,  212. 

on  Miiller's  law,  206. 

on  neoplasms,  209. 

on  new  growths,  207. 

on  non-nervous  tissues  of 
higher  animals,   197. 

on  non-vascular  tissues  of 
higher  animals,    197. 

on  nutrition,  196. 

on  parasitism,  215. 

on  parenchymatous  inflamma- 
tion, 204. 

on  proliferation  of  cells,  202, 
206. 

on  purulent  and  adhesive  in- 
flammation, 204. 

on  pus  production,  208. 

on  regenerative  repair,  287. 

on  sarcomata,  221. 

on  secretion,  204. 

on  suppuration,  210. 

on  tissue  cells,  200. 

on  tissue-destruction  in  ulcera- 
tions, 210. 

on  traditional  "four  signs," 
201  {cf.  86,  126,  223). 

on  tubercle,  213,  217,  218. 

on  tumours,  214,  221. 

on  vascular  changes,  200. 
Virchow's  conclusions  as   to   in- 
flammation, 193. 

dictum:  "Omnis  cellula  e 
cellula,"  191,  192,  199. 

doctrine  of  irritation  adversely 
criticised  by  Cohnheim, 

193- 
idea  of  regenerative  repair,  287. 
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Lyall,    35 


Delitzsck,    lo,    34 ; 
Schrader,  g. 


Abyssinia,  Shihab  al  Din,  37. 

Alcyonium,  Liverpool  Marine  Biol.  C.Mems.,  50. 

Algae,  Cooke,  47. 

America,  Creation  Myths  of,  Curtin,  57. 

Americans,  The,  Mihisterberg,  30. 

Anarchy  and  Law,  Brewster,  29. 

Anatomy,  Cleland,  47  ;    Cunninghain  Memoirs, 

48  ;  Lockwood,  51. 
Anthropology,  Prehistoric,  Avebury,  56  ;  Engel- 
hardt,  57  ;  Laitig,  59. 
Evolution  of  Religion,  Farnell,  57. 
Apocalypse,  Bleek,  8  ;  Clark,  16. 
Apostles  and  Apostolic  Times,  Dobschiitz,  4 ; 
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I.   Theology  and  Religion. 

THEOLOGICAL  TRANSLATION  LIBRARY. 

mew  Series. 

A  Series  of  Translations  by  which  the  best  results  of  recent  Theo- 
logical Investigations  on  the  Continent,  coiiducted  without  reference 
to  doctrinal  considerations,  and  with  the  sole  purpose  of  arriving 
at  the  truth,  are  placed  within  reach  of  English  readers. 


Vols.  I.-XII.  were  edited  by  the  Rev.  T.  K.  Cheyne,  M.A., 
D.D.,  Oriel  Professor  of  Interpretation  in  the  University  of  Oxford, 
Canon  of  Rochester;  and  the  late  Rev.  A.  B.  Bruce,  D.D.,  Professor 
of  Apologetics,  Free  Church  College,  Glasgow. 

Vol.  XIII.  was  edited  by  Rev.  Allan  Menzies,  D.D.,  Professor  of 
Divinity  and  Biblical  Criticism  in  the  University,  St  Andrews. 

Vols.  XV.,  XVIL,  XVIII.,  and  XXI.  are  edited  by  Rev.  W.  D. 
Morrison,  M.A.,  LL.D. 

Vols.  XIX.  and  XX.  are  edited  by  Rev.  James  Moffatt,  B.D., 
D.D.,  St  Andrews. 

The  Price  per   Volume  is  \os.  6d. 

Subscribers  to  the  Series  obtain  three  volumes  for  2IS.,  or 
22S.  6d.  carriage  free,  payable  before  publication  of  the  volumes. 

Vols.  XIX.  and  XX. 

THE  EXPANSION  OF  CHRISTIANITY  IN  THE 
FIRST  THREE  CENTURIES.  By  Adolf  Harnack, 
Ordinary  Professor  of  Church  History  in  the  University,  and 
Fellow  of  the  Royal  Academy  of  the  Sciences,  Berlin ;  trans- 
lated and  edited  by  James  Moflfatt,  B.D.,  D.D.,  St  Andrews. 

' '  On  the  value  of  such  a  work  by  such  a  writer  it  is  scarcely  necessary  to 
enlarge.  All  familiar  with  Professor  Hamack's  method  expect  his  treatment 
of  a  theme  like  this  to  be  masterly,  and  their  expectation  is  more  than 
realised." — Christian  World. 

' '  Nothing  could  surpass  the  excellent  skill  and  taste  with  which  these 
volumes  have  been  translated,  edited,  and  produced." — British  Weekly, 
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Vol.  XXI.     In  the  Press.     Almost  Ready.     One  Volume. 

ST  PAUL:  THE  MAN  AND  HIS  WORK.  By  Prof.  H. 
Weinel  of  the  University  of  Jena.  Translated  by  Rev.  G.  A. 
Bienemann,  M.A.     Edited  by  Rev.  W.  D.  Morrison,  LL.D. 

Vol.  XVIII. 

CHRISTIAN  LIFE  IN  THE  PRIMITIVE  CHURCH. 

By  Ernst  von  Dobschiitz,  Professor  of  New  Testament  in  the 
University  of  Strassburg.  Translated  by  Rev.  G.  Bremner,  and 
edited  by  the  Rev.  W.  D.  Morrison,  LL.D. 

"  It  is  only  in  the  very  best  English  work  that  we  meet  with  the  scientific 
thoroughness  and  all-round  competency  of  which  this  volume  is  a  good 
specimen  ;  while  such  splendid  historical  veracity  and  outspokenness  would 
hardly  be  possible  in  the  present  or  would-be  holder  of  an  English  theo- 
logical chair." — The  Speaker. 

"  Some  may  think  that  the  author's  finding  is  too  favourable  to  the  early 
churches,  but  at  any  rate  there  is  no  volume  in  which  material  for  forming  a 
judgment  is  so  fully  collected  or  so  attractively  presented." — British  Weekly. 

Vol.  XVI. 

THE  RELIGIONS  OF  AUTHORITY  AND  THE 
RELIGION  OF  THE  SPIRIT.  By  the  late  Auguste 
Sabatier,  Professor  of  the  University  of  Paris,  Dean  of  the 
Protestant  Theological  Faculty.  With  a  Memoir  of  the  Author 
by  Jean  Reville,  Professor  in  the  Protestant  Theological  Faculty 
of  the  University  of  Paris,  and  a  Note  by  Madame  Sabatier. 

"  Without  any  exaggeration,  this  is  to  be  described  as  a  great  book,  the 
finest  legacy  of  the  author  to  the  Protestant  Church  of  France  and  to  the  theo- 
logical thought  of  the  age.  Written  in  the  logical  and  lucid  style  which  is 
characteristic  of  the  best  French  theology,  and  excellently  translated,  it  is  a 
work  which  any  thoughtful  person,  whether  a  professional  student  or  not, 
might  read  without  difficulty." — Glasgow  Herald. 

Vols.  XV.  and  XVII. 

THE  BEGINNINGS  OF  CHRISTIANITY.  By  Paul 
Wernle,  Professor  Extraordinary  of  Modern  Church  History  at 
the  University  of  Basel.  Revised  by  the  Author,  and  translated 
by  the  Rev.  G.  A.  Bienemann,  M.A.,  and  edited,  with  an  Intro- 
duction, by  the  Rev.  W.  D.  Morrison,  LL.D. 

Vol.  I.  The  Rise  of  the  Religion. 

Vol.  II.  The  Development  of  the  Church. 

From  some  of  the  Reviews  of  the    Work. 

Dr  Marcus  Dods  in  the  British  Weekly — "We  cannot  recall  any  work  by 
a  foreign  theologian  which  is  likely  to  have  a  more  powerful  influence  on  the 
thought  of  this  country  than  Wernle's  Beginnings  of  Christianity.  It  is  well 
written  and  well  translated  ;  it  is  earnest,  clear,  and  persuasive,  and  above  all 
it  is  well  adapted  to  catch  the  large  class  of  thinking  men  who  are  at  present 
seeking  some  non-miraculous  explanation  of  Christianity." 
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"This  translation  of  Prof.  Wernle's  lectures  deserves  a  very  hearty  wel- 
come in  England.  The  style  is  alive  and  vigorous,  the  thought  suggestive  ; 
the  whole  narrative  is  admirably  clear  and  simple,  popular  in  the  best  sense  of 
the  term.  ...  It  may  be  accepted  as  a  companion  volume  to  Harnack's  What 
is  Christianity  ?  as  an  announcement  of  a  liberal  position  of  slightly  differing 
tendency.  It  is  quite  easy  and  pleasant  reading  for  the  ordinary  layman  who 
may  be  desirous  of  knowing  the  present  position  of  the  more  advanced  schools, 
and  how  much  of  the  traditional  theology  these  are  prepared  to  retain.  One 
could  wish  that  a  few  more  English  theologians  would  attempt  a  similar 
apologia  for  the  edification  of  the  perplexed  lay  mind." — Daily  News. 

"  No  English  book  covers  the  same  ground,  or  is  conceived  with  the  same 
breadth  and  sanity  ;  in  few  works  in  any  language  are  learning  and  insight 
so  happily  combined." — Edinburgh  Review. 

"The  translation  is  well  done,  and  the  book  is  full  of  interest." — 
Athenceum. 


The  Earlier  Works  included  in  the  Library  are: — 

HISTORY  OF  DOGMA.  By  Adolf  Harnack,  Ordinary  Pro- 
fessor of  Church  History  in  the  University,  and  Fellow  of  the 
Royal  Academy  of  the  Sciences,  Berlin.  Translated  from  the 
Third  German  Edition.  Edited  by  the  Rev.  Prof.  A.  B. 
Bruce,  D.D.  7  vols.  (New  Series,  Vols.  II.,  VII.,  VIII.,  IX., 
X.,  XI.,  XII.)  8vo,  cloth,  each  xos.  6d. ;  half-leather,  suitable 
for  presentation,  1 2s.  6d. 

ABBREVIATED  LIST  OF  CONTENTS:— Vol.  I.:  Intro- 
ductory Division: — I.  Prolegomena  to  the  Study  of  the  History 
of  Dogma.  II.  The  Presuppositions  of  the  History  of  Dogma. 
Division  I. — The  Genesis  of  Ecclesiastical  Dogma,  or  the 
Genesis  of  the  Catholic  Apostolic  Dogmatic  Theology,  and  the 
first  Scientific  Ecclesiastical  System  of  Doctrine.  Book  I. : — 
The  Preparatioft.  Vol.  II.:  Division  I.  Book  II.: — The 
Laying  of  the  Foundation. — I.  Historical  Survey. — /.  Fixing 
and  gradual  Secularising  of  Christianity  as  a  Church. — //. 
Fixing  and  gradual  Hellenising  of  Christianity  as  a  System  of 
Doctrine.  Vol.  III. :  Division  I.  Book  II. : — The  Laying  of 
the  Foundation — continued.  Division  II. — The  Development 
of  Ecclesiastical  Dogma.  Book  I.  : — The  History  of  the 
Development  of  Dogma  as  the  Doctrine  of  the  God-man  on  the 
basis  of  Natural  Theology.  A. — Presuppositions  of  Doctrine  of 
Redemption  or  Natural  Theology.  B. —  The  Doctrine  of  Redem^p- 
tion  in  the  Person  of  the  God-man  in  its  historical  development. 
Vol.  IV.  :  Division  II.  Book  I. —  The  LListory  of  the  Develop- 
ment of  Dogma  as  the  Doctrine  of  the  God-man  on  the  basis  of 
Natural  Theology— con'ivcwi^d^.  Vol.  V.:  Division  II.  Book 
II. — Expansion  and  Remodelling  of  Dogma  into  a  Doctrine  of 

14  Henrietta  Street,  Covent  Garden,  London,  W.C. 


WILLIAMS  &  NORGATE'S 


THEOLOGICAL  TRANSLATION  LIBRARY— Continued. 

Sin,  Grace,  and  Means  of  Grace  on  the  basis  of  the  Church. 
Vol.  VI. :  Division  II.  Book  II. — Expansion  and  Re- 
modelling of  Dogma  into  a  Doctririe  of  Sin,  Grace,  and  Means 
of  Grace  on  the  basis  of  the  Church — continued.  Vol.  VII. : 
Division  II.  Book  III. — The  Threefold  Issue  of  the  History 
of  Dogma. — Full  Index. 

"  No  work  on  Church  history  in  recent  times  has  had  the  influence  of 
Prof.  Harnack's  History  of  Dogma.'' — Times. 

"A  book  which  is  admitted  to  be  one  of  the  most  important  theological 
works  of  the  time." — Daily  News. 

WHAT  IS  CHRISTIANITY?  Sixteen  Lectures  delivered 
in  the  University  of  Berlin  during  the  Winter  Term,  1 899-1 900. 
By  Adolf  Harnack.  Translated  by  Thomas  Bailey  Saunders. 
(New  Series,  Vol.  XIV.)  Demy  8vo,  cloth,  lo^'.  6d.;  half- 
leather,  suitable  for  presentation,  12^-.  6d. 

Prof.  W.  Sanday  of  Oxford,  in  the  examination  of  the  work,  says  : — "  I 
may  assume  that  Harnack's  book,  which  has  attracted  a  good  deal  of  attention 
in  this  country  as  in  Germany,  is  by  this  time  well  known,  and  that  its  merits 
are  recognised — its  fresh  and  vivid  descriptions,  its  breadth  of  view  and  skilful 
selection  of  points,  its  frankness,  its  genuine  enthusiasm,  its  persistent  effort 
to  get  at  the  living  realities  of  religion. " 

' '  Seldom  has  a  treatise  of  the  sort  been  at  once  so  suggestive  and  so 
stimulating.  Seldom  have  the  results  of  so  much  learning  been  brought 
to  bear  on  the  religious  problems  which  address  themselves  to  the  modern 
mind." — Pilot. 

' '  In  many  respects  this  is  the  most  notable  work  of  Prof.  Harnack.  .  .  . 
These  lectures  are  most  remarkable,  both  for  the  historical  insight  they 
display  and  for  their  elevation  of  tone  and  purpose." — Literature. 

THE  COMMUNION  OF  THE  CHRISTIAN  WITH 
GOD :  A  Discussion  in  Agreement  with  the  View  of 
Luther.  By  W.  Herrmann,  Dr.  Theol.,  Professor  of  Dogmatic 
Theology  in  the  University  of  Marburg.  Translated  from  the 
Second  thoroughly  revised  Edition,  with  Special  Annotations  by 
the  Author,  by  J.  Sandys  Stanyon,  M.  A.  (New  Series,  Vol.  IV.) 
Svo,  cloth.     io.f.  dd. 

"  It  will  be  seen  from  what  has  been  said  that  this  book  is  a  very  im- 
portant one.  .  .  .  The  translation  is  also  exceedingly  well  done." — Critical 
Review. 

"  We  trust  the  book  will  be  widely  read,  and  should  advise  those  who 
read  it  to  do  so  twice." — Primitive  Methodist  Quarterly. 

' '  Instinct  with  genuine  religious  feeling ;  .  .  .  exceedingly  interesting 
and  suggestive." — Glasgow  Herald. 

A  HISTORY  OF  THE  HEBREWS.  By  R.  Kittel,  Or- 
dinary Professor  of  Theology  in  the  University  of  Breslau.  In 
2  vols.  (New  Series,  Vols.  III.  and  VI.)  Svo,  cloth.  Each 
volume,  \os.  6d. 
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Vol.  I.  Sources  of  Information  and  History  of  the  Period  up  to 
the  Death  of  Joshua.     Translated  by  John  Taylor,  D.  Lit.,  M.A. 

Vol.  II.  Sources  of  Information  and  History  of  the  Period  down 
to  the  Babylonian  Exile.  Translated  by  Hope  W,  Hogg,  B.D.,  and 
E.  B.  Speirs,  D.D. 

"  It  is  a  sober  and  earnest  reconstruction,  for  which  every  earnest  student 
of  the  Old  Testament  should  be  grateful." — Christian  World. 

"  It  will  be  a  happy  day  for  pulpit  and  pew  when  a  well-thumbed  copy  of 
the  History  of  the  Hebrews  is  to  be  found  in  every  manse  and  parsonage." — 
Literary  World. 

"  It  is  a  work  which  cannot  fail  to  attract  the  attention  of  thoughtful 
people  in  this  country."- — Pall  Mall  Gazette. 

AN  INTRODUCTION  TO  THE  TEXTUAL  CRITI- 
CISM   OF   THE   GREEK    NEW   TESTAMENT. 

By  Professor  Eberhard  Nestle,  of  Maulbronn.  Translated  from 
the  Second  Edition,  with  Corrections  and  Additions  by  the 
Author,  by  William  Edie,  B.D.,  and  edited,  with  a  Preface,  by 
Allan  Menzies,  D.D.,  Professor  of  Divinity  and  Biblical  Criticism 
in  the  University  of  St  Andrews.  (New  Series,  Vol.  XIII.) 
With  eleven  reproductions  of  Texts.  Demy  8vo,  \os.  6d. ;  half- 
leather,  12S.  6d. 

' '  We  have  no  living  scholar  more  capable  of  accomplishing  the  fascin- 
ating task  of  preparing  a  complete  introduction  on  the  new  and  acknowledged 
principles  than  Prof.  Nestle.  This  book  will  stand  the  most  rigorous 
scrutiny  ;  it  will  surpass  the  highest  expectation." — Expository  Times. 

"Nothing  could  be  better  than  Dr  Nestle's  account  of  the  materials 
which  New  Testament  textual  criticism  has  to  deal  with." — Spectator. 

"We  know  of  no  book  of  its  size  which  can  be  recommended  more  cor- 
dially-to  the  student,  alike  for  general  interest  and  for  the  clearness  of  its 
arrangement.  ...  In  smoothness  of  rendering,  the  translation  is  one  of  the 
best  we  have  come  across  for  a  considerable  time." — Manchester  Guardian, 

THE  APOSTOLIC  AGE.  By  Prof.  Carl  von  Weizsacker. 
Translated  by  James  Millar,  B.D.  2  vols.  (New  Series,  Vols. 
I.  and  V.)     Demy  8vo,  cloth.     Each  \os.  6d. 

"Weizsacker  is  an  authority  of  the  very  first  rank.  The  present  work 
marks  an  epoch  in  New  Testament  criticism.  The  English  reader  is  fortunate 
in  having  a  masterpiece  of  this  kind  rendered  accessible  to  him." — Expository 
Times. 

"...  No  student  of  theology  or  of  the  early  history  of  Christianity  can 
afford  to  leave  Weizsacker's  great  book  unread." — Manchester  Guardian. 

"  In  every  direction  in  this  work  we  find  the  mark  of  the  independent 
thinker  and  investigator  .  .  .  this  remarkable  volume  .  .  .  this  able  and 
learned  work.  .  .  ." — Christian  World. 

"  The  book  itself  .  .  .  is  of  great  interest,  and  the  work  of  the  translation 
has  been  done  in  a  most  satisfactory  way." — Critical  Review. 
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BAUR  (F.  C).  CHURCH  HISTORY  OF  THE  FIRST 
THREE  CENTURIES.  Translated  from  the  Third 
German  Edition.     Edited  by  Rev.  Allan  Menzies.     2  vols.  8vo, 

cloth.        X2S. 

PAUL,   THE    APOSTLE    OF    JESUS   CHRIST, 

HIS  LIFE  AND  WORK,  HIS  EPISTLES  AND 
DOCTRINE.  A  Contribution  to  a  Critical  History  of 
Primitive  Christianity.  By  Rev,  Allan  Menzies.  2nd  Edition. 
2  vols.  8vo,  cloth.     \2s. 

BLEEK  (F.).    LECTURES  ON  THE  APOCALYPSE. 

Translated.     Edited  by  the  Rev.  Dr.  S.  Davidson.     8vo,  cloth. 


EWALD'S  (Dr.  H.)  COMMENTARY  ON  THE 
PROPHETS     OF     THE     OLD     TESTAMENT. 

Translated  by  the  Rev.  J.  F.  Smith.  [Vol.  I.  General  Intro- 
duction, Yoel,  Amos,  Hosea,  and  Zakharya  9-1 1.  Vol.  II. 
Yesaya,  Obadya,  and  Mikah.  Vol.  III.  Nahtim,  Ssephanya, 
Habaqqtlq,  Zakharya,  Yeremya.  Vol.  IV.  Hezekiel,  Yesaya 
xl.-lxvi.  Vol.  V.  Haggai,  Zakharya,  Malaki,  Jona,  Baruc, 
Daniel,  Appendix  and  Index.]     5  vols.  Svo,  cloth.     305. 

COMMENTARY    ON    THE   PSALMS.      Translated 

by  the  Rev.  E.  Johnson,  M.A.     2  vols.  Svo,  cloth.     12^-. 

COMMENTARY  ON  THE  BOOK  OF  JOB,  with 

Translation.  Translated  from  the  German  by  the  Rev.  J. 
Frederick  Smith.     Bvo,  cloth,     gx. 

HAUSRATH  (Prof.  A.).  HISTORY  OF  THE  NEW 
TESTAMENT  TIMES.  The  Time  of  Jesus.  Translated 
by  the  Revs.  C.  T.  Poynting   and  P.  Quenzer.      2  vols.  Svo, 

cloth.       1 25'. 

The  second  portion  of  this  work,   "The  Times  of  the  Apostles,"  was 
issued  apart  from  the  Library,  but  in  uniform  volumes ;  see  p.  19. 

KEIM'S  HISTORY  OF  JESUS  OF  NAZARA:  Con- 
sidered in  its  connection  with  the  National  Life  of 
Israel,  and  related  in  detail.  Translated  from  the 
German  by  Arthur  Ransom  and  the  Rev.  E.  M.  Geldart. 
[Vol.  I.  Second  Edition.  Introduction,  Survey  of  Sources, 
Sacred  and  Political  Groundwork,  Religious  Groundwork. 
Vol.  II.  The  Sacred  Youth,  Self-recognition,  Decision.    Vol.  III. 
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The  First  Preaching,  the  Works  of  Jesus,  the  Disciples,  and 
Apostolic  Mission.  Vol.  IV.  Conflicts  and  Disillusions, 
Strengthened  Self-confidence,  Last  Efforts  in  Galilee,  Signs  of 
the  Approaching  Fall,  Recognition  of  the  Messiah.  Vol.  V. 
The  Messianic  Progress  to  Jerusalem,  the  Entry  into  Jerusalem, 
the  Decisive  Struggle,  the  Farewell,  the  Last  Supper.  Vol.  VI. 
The  Messianic  Death  at  Jerusalem.  Arrest  and  Pseudo-Trial, 
the  Death  on  the  Cross,  Burial  and  Resurrection,  the  Messiah's 
Place  in  History,  Indices.]  Complete  in  6  vols.  8vo.  361. 
(Vol.  I.  only  to  be  had  when  a  complete  set  of  the  work  is  ordered.) 

KUENEN  (Dr.  A.).      THE   RELIGION  OF   ISRAEL 
TO  THE  FALL  OF  THE  JEWISH  STATE.      By 

Dr.  A.  Kuenen,  Professor  of  Theology  at  the  University,  Leyden. 
Translated  from  the  Dutch  by  A.  H.  May.  3  vols.  8vo,  cloth. 
1 8  J. 

PFLEIDERER  (O.).      PAULINISM :   A   Contribution 
to   the    History   of    Primitive    Christian    Theology. 

Translated  by  E.  Peters.    2nd  Edition.     2  vols.  8vo,  cloth.     1 2s. 

PHILOSOPHY  OF  RELIGION  ON  THE  BASIS 

OF  ITS  HISTORY.  (Vols.  I.  II.  History  of  the  Philo- 
sophy of  Religion  from  Spinoza  to  the  Present  Day;  Vols. 
III.  IV.  Genetic-Speculative  Philosophy  of  Religion.)  Trans- 
lated by  Prof.  Allan  Menzies  and  the  Rev.  Alex.  Stewart. 
4  vols.  8vo,  cloth.     24s. 


Rl^VILLE  (Dr.  A.).  PROLEGOMENA  OF  THE 
HISTORY  OF  RELIGIONS.  With  an  Introduction  by 
Prof.  F.  Max  Miiller.     8vo,  cloth.     6^. 

PROTESTANT  COMMENTARY  ON  THE  NEW 
TESTAMENT.  With  General  and  Special  Introductions. 
Edited  by  Profs.  P.  W.  Schmidt  and  F.  von  Holzendorff. 
Translated  from  the  Third  German  Edition  by  the  Rev.  F,  H. 
Jones,  B.A.     3  vols.  8vo,  cloth.     iSs. 

SCHRADER  (Prof.  E.).  THE  CUNEIFORM  IN- 
SCRIPTIONS   AND    THE    OLD    TESTAMENT. 

Translated  from  the  Second  Enlarged  Edition,  with  Additions 
by  the  Author,  and  an  Introduction  by  the  Rev,  Owen  C. 
Whitehouse,  M.A.  2  vols.  (Vol.  I.  not  sold  separately.)  With 
a  Map.     8vo,  cloth.     12s. 

ZELLER  (Dr.  E.).    THE  CONTENTS  AND  ORIGIN 
OF    THE    ACTS    OF   THE  APOSTLES    CRITI- 
CALLY INVESTIGATED.     Preceded  by  Dr.  Fr.  Over- 
beck's  Introduction  to  the  Acts  of  the  Apostles  from  De  Wette's 
.    Handbook.  Translated  by  Joseph  Dare.    2  vols.  8 vo,  cloth.   12s. 
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Dr  John  Watson,  of  Liverpool :  ' '  The  Crown  Theological  Library  is 
rendering  valuable  service  to  lay  theologians  in  this  country,  as  well  as  to 
ministers." 

The  vobimes  are  uniform  in  size  {crown  octavo')  and  binding,  but  the 
p7-ice  varies  according  to  the  size  and  ifnportance  of  the  work. 

Vol.  I.  BABEL  AND  BIBLE.  By  Dr.  Friedrich  Delitzsch, 
Professor  of  Assyriology  in  the  University  of  Berlin.  Authorised 
Translation.  Edited,  with  an  Introduction,  by  Rev.  C  H. 
W.  Johns.     Crown  8vo,  with  77  illustrations,  cloth.     55-. 

These  are  the  two  famous  Lectures  which  were  delivered  before  the 
Deutsche  Orient-Gesellschaft  in  the  presence  of  the  German  Emperor,  and 
again  before  the  Emperor,  Empress,  and  the  Court,  and  which  gave  rise  to 
the  Babel-Bible  controversy.  They  set  forth  freshly  and  temperately  the 
close  relation  between  the  results  of  cuneiform  studies  and  the  more 
familiar  facts  of  the  Old  Testament,  and  clearly  state  the  conclusions  of 
European  scholarship  as  to  the  compilation  of  the  Pentateuch  from  many 
different  sources,  and  as  to  its  dependence  on  Babylonian  myths  for  large 
portions  of  its  primeval  history. 

"  This  interestingly  illustrated  and  well-made  version  of  the  Lectures 
should  satisfy  both  scholars  and  general  readers,  though  no  doubt  scholars 
will  know  best  how  to  appreciate  the  high  value  of  its  arguments." — Scotsman. 

"  It  is  written  in  an  interesting  and  arresting  style,  and  gives  the  best 
account  we  have  seen  in  short  compass  of  these  most  important  discoveries." 
—  The  Weekly  Leader. 

"  It  is  long  since  any  book  on  Biblical  Archseology  could  claim  to  be  more 
deeply  interesting  to  inquiring  minds  than  this  volume  must  be  admitted  to 
be  by  any  thoughtful  reader.  .  .  .  We  believe  that  most  readers  will  be 
delighted  with  the  book  as  a  description,  romantic  in  its  realism,  of  actual 
discoveries,  and  their  bearing  on  the  accuracy  of  the  Old  Testament  state- 
ments. " — Christian  Commonwealth. 

Vol.  II.  THE  VIRGIN  BIRTH  OF  CHRIST:  An 
Historical  and  Critical  Essay.  By  Paul  Lobstein,  Pro- 
fessor of  Dogmatics  in  the  University  of  Strassburg.  Translated 
by  Victor  Leuliette,  A.K.C.,  B.-es-L.,  Paris.  Edited,  with  an 
Introduction,  by  W.  D.  Morrison,  LL.D.     Crown  8vo.     3^. 

' '  It  should  be  added  that  Lobstein  falls  behind  no  one  of  those  who  have 
refined  the  tone  of  modern  controversy,  that  his  attitude  to  those  whose  views 
he  opposes  is  considerate,  his  own  purpose  constructive  for  faith,  and  his  tone 
impressively  reverent.  Mr  Leuliette's  translation  is  in  admirably  clear  and 
good  English. " — Hibbert  Journal. 

"  Professor  Lobstein  handles  his  theme  with  a  thoroughly  reverent  spirit, 
and  the  book  may  be  recommended  to  all  who  are  in  doubt  as  to  this  par- 
ticular dogma." — Scotsman. 

"  No  one  who  reads  this  most  scholarly  and  convincing  volume  will  doubt 
the  sincerity  of  the  Professor's  endeavour  and  aim  ;  and  most  readers  will 
gratefully  own  the  notable  success  he  has  achieved. " — St  Andrew. 
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Vol.  III.  MY  STRUGGLE  FOR  LIGHT:  Confessions 
of  a  Preacher.  By  R.  Wimmer,  Pastor  of  Weisweil-am- 
Rhein  in  Baden.     Crown  8vo,  cloth.     3^'.  bd. 

Dr.  P.  T.  Forsyth,  Principal  of  Hackney  College. — "A  beautiful  transla- 
tion of  a  beautiful  book. " 

"  It  is  a  book  which  will  appeal  to  ministers  who  are  anxious  to  preserve 
intellectual  sincerity,  and  to  thoughtful  laymen  who  are  turning  over  in  their 
mind  the  deepest  problems  of  religion.  The  author's  spirit  thoughout  the 
book  reminds  one  of  Martineau.  The  tone  and  style  of  the  book  are 
admirable." — Dr.  John  Watson  in  Christian  Commonwealih. 

"  Well  worth  translating  and  adding  to  the  Crown  Theological  Library. 
It  is  a  book  of  beautiful  intention  and  most  sincere  aspiration." — Expository 
Times. 

' '  This  is  a  notable  and  vital  book,  full  of  keen  thought  and  sweet  with 
the  fragrance  of  true  piety." — IVeeJi's  Survey. 

' '  This  is  a  delightful  book,  for  we  have  in  it,  not  the  result  of  scholar- 
ship, though  that  is  sound  and  wide,  but  the  faithful  record  of  the  victorious 
struggles  of  a  religious  genius  with  the  spectres  of  a  mind  which  assail  every 
earnest  and  thoughtful  man  in  this  critical  age.  The  book  has  one  of  the 
marks  of  true  greatness — absolute  sincerity.  The  entire  courage,  simplicity, 
and  clearmindedness  with  which  Wimmer  faces  the  difficulties  of  modern 
religious  thought  enforce  our  admiration,  and  win  our  trust  and  sympathy. " 
— Examiner. 

Vol.  IV.  LIBERAL  CHRISTIANITY:  Its  Origin,  Nature, 
and  Mission.  By  Jean  Reville,  Professeur  adjoint  a  la 
Faculte  de  Theologie  Protestante  de  I'Universite  de  Paris. 
Translated  and  edited  by  Victor  Leuliette,  A.K.C,  B.-es-L. 
Crovpn  8vo,  cloth.     \s. 

' '  The  book  is  a  powerful,  lucid  and  interesting  restatement  of  the  position 
of  Protestantism  in  regard  to  modern  advances  in  philosophy  and  science." 
— Scotsjnan. 

"We  commend  the  book  for  its  lucid  style,  vigorous  reasoning,  and 
spiritual  aims." — Christian  Commonwealth. 

"Admirably  translated  and  edited  by  Victor  Leuliette  ;  is  a  book  which 
will  be  of  great  value  to  all  who  are  interested  in  the  history  of  religious 
development." — .S"^  Andrew. 

"An  honest  and  earnest  effort  to  vindicate  the  eternal  place  of  religion 
in  the  life  of  man,  and  deserves  all  respect." — Week's  Survey. 

Vol.  V.  WHAT  IS  CHRISTIANITY?  By  Adolf  Harnack, 
Professor  of  Church  History  in  the  University,  Berlin.  Trans- 
lated by  Thomas  Bailey  Saunders.     Crown  8vo.     55'. 

Prof.  W.  Sanday,  of  Oxford,  in  an  examination  of  the  work,  says  :  "I 
may  assume  that  Harnack's  book,  which  has  attracted  a  good  deal  of  attention 
in  this  country  as  in  Germany,  is  by  this  time  well  known,  and  that  its  merits 
are  recognised — its  fresh  and  vivid  descriptions,  its  breadth  of  view  and  skilful 
selection  of  points,  its  frankness,  its  genuine  enthusiasm,  its  persistent  effort 
to  get  at  the  living  realities  of  religion." 

"  In  many  respects  this  is  the  most  notable  work  of  Prof.  Harnack.  .  .  . 
These  lectures  are  most  remarkable,  both  for  the  historical  insight  they  dis- 
play and  for  their  elevation  of  tone  and  purpose. " — Literature. 
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Vol.  VI.  FAITH  AND  MORALS.  By  W.  Herrmann,  Pro- 
fessor of  Systematic  Theology  at  the  University  of  Marburg; 
Author  of  "The  Communion  of  the  Christian  with  God." 
Crown  8vo,  cloth.     5^. 

Two  of  the  author's  shorter  writings,  with  brief  notes  by  the  translators. 
One  is  on  Ritschl,  and  discusses  the  Protestant  notion  of  Christian  Belief ; 
the  other  on  Romanist  versus  Protestant  Ethics,  showing  the  fundamentally 
opposite  conceptions  of  the  moral  law  underlying  recent  Jesuit  and  Protestant 
views  of  truth-speaking  or  of  conscience.  An  Appendix  written  for  the  last 
German  edition  deals  with  three  replies. 

Vol.  VII.  EARLY  HEBREW  STORY.  A  Study  of  the 
Origin,  the  Value,  and  the  Historical  Background  of  the 
Legends  of  Israel.  By  John  P.  Peters,  D.D.,  Rector  of 
St  Michael's  Church,  New  York ;  author  of  "  Nippur,  or 
Explorations  and  Adventures  on  the  Euphrates."  Crown  8vo, 
cloth.     55-. 

These  lectures  were  originally  delivered  as  Bond  Lectures  before  the 
Bangor  Theological  Seminary  in  Bangor,  Me,,  U.S.A.  Extract  from  a  minute 
adopted  by  the  faculty  of  that  institution  after  the  delivery  of  those  lectures  : 
— "  The  broad  and  ripe  scholarship,  the  fresh  knowledge  of  details,  the 
constructive  temper,  and  the  reverent  Christian  spirit  which  were  always 
manifest,  gave  these  lectures  exceptional  worth,  not  only  for  the  student 
body,  but  for  the  large  company  of  thoughtful  people  who  heard  them." 

"  These  lectures  are  certainly  of  quite  exceptional  worth.  Dr.  Peters 
has  for  many  years  given  the  attention  of  a  ripe  and  thorough  scholar  to 
the  beginnings  of  history  in  Israel ;  and  these  lectures  will  not  only  interest 
the  general  reader,  but  will  suggest  much  to  the  expert." — British  Weekly, 

Vol.  VIII.  BIBLE  PROBLEMS  AND  THE  NEW 
MATERIAL  FOR  THEIR  SOLUTION.  A  Plea 
for  Thoroughness  of  Investigation  addressed  to 
Churchmen  and  Scholars.  By  the  Rev.  T.  K.  Cheyne, 
D.Litt.,  D.D.,  Fellow  of  the  British  Academy;  Oriel  Professor 
of  Interpretation  in  the  University  of  Oxford,  and  Canon  of 
Rochester.     Crown  8vo.     55-. 

"The  temper  of  his  book  is  admirably  gentle  and  restrained,  and  the 
matter  is  of  most  living  interest." — Academy  and  Literature. 

' '  The  work  is  remarkably  interesting  and  learned  ....  those  who  wish 
to  understand  what  problems  are  likely  to  engage  attention  in  the  near 
future  ought  not  to  neglect  the  book." — British  Friend. 

Vol.  IX.  THE  DOCTRINE  OF  THE  ATONEMENT 
AND  ITS  HISTORICAL  EVOLUTION  ;  and  RE- 
LIGION AND  MODERN  CULTURE.  By  the  late 
Auguste  Sabatier,  Professor  in  the  University  of  Paris,  and  Dean 
of  the  Protestant  Theological  Faculty.  Translated  by  Victor 
Leuliette,  A.K.C.,  B.-es-L.     Crown  8vo.     ^s.  6d. 

' '  The  essay  on  The  Atonement  is  a  masterly  outline  sketch  of  the 
historical  evolution  of  the  doctrine. " — Oxford  Chronicle. 
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"The  second  portion  of  the  volume  is  an  admirable  statement  of  the 
mental  condition  of  the  modern  world,  its  doubts  and  confusions,  and  of 
the  true  method  of  resolving  them.  .  .  .  Both  the  studies  in  the  volume  are 
profoundly  interesting ;  marked  everywhere  by  the  piercing  insight,  philo- 
sophic grasp,  and  deep  spirituality  which  are  characteristic  of  this  great  and 
lamented  Christian  thinker." — The  Christian  World. 

Vol.  X.  THE  EARLY  CHRISTIAN  CONCEPTION  OF 
CHRIST:  Its  Value  and  Significance  in  the  History 
of  Religion.  By  Otto  Pfleiderer,  D.D.,  Professor  of  Practical 
Theology  in  the  University,  Berlin.     Crown  8vo.     2)^.  6d. 

"We  can  heartily  recommend  Professor  Pfleiderer's  book  as  a  solid 
contribution  towards  the  solution  of  the  question  which  it  discusses." — St 
Andrew. 

"  It  would  be  difficult  to  name  any  recent  English  work  which  could 
compare  with  this  brilliant  essay  as  a  concise  but  lucid  presentation  of  the 
attitude  of  the  more  advanced  school  of  German  theologians  to  the  founder 
of  the  Christian  religion. " — Scotsman. 

Vol.  XI.  THE  CHILD  AND  RELIGION:  Eleven 
Essays.  By  Prof.  Henry  Jones,  M.A.,  LL.D.,  University  of 
Glasgow ;  C.  F.  G.  Masterman,  M. A. ;  Prof.  George  T.  Ladd, 
D.D.,  LL.D.,  University  of  Yale;  Rev.  F.  R.  Tennant,  M.A., 
B.Sc,  Hulsean  Lecturer;  Rev.  J.  Cynddylan  Jones,  D.D. ;  Rev. 
Canon  Hensley  Henson,  M.A.;  Rev.  Robert  F.  Horton,  M.A., 
D.D.;  Rev.  G.  Hill,  M.A.,  D.D.;  Rev.  J.  J.  Thornton;  Rev. 
Rabbi  A.  A.  Green ;  Prof.  Joseph  Agar  Beet,  D.D.  Edited  by 
Thomas  Stephens,  B.A.     Crown  8vo.     5^-. 

"  No  fresher  and  more  instructive  book  on  this  question  has  been  issued 
for  years,  and  the  study  of  its  pages  will  often  prove  a  godsend  to  many 
perplexed  minds  in  the  church  and  in  the  Christian  home." — B7'itish  Weekly. 

Vol.  XII.  THE  EVOLUTION  OF  RELIGION :  an  An- 
thropological Study.  By  L.  R.  Farnell,  D.Litt.,  Fellow  and 
Tutor  of  Exeter  College,  Oxford ;  University  Lecturer  in  Clas- 
sical Archaeology,  etc.,  etc.     Crown  8vo,  cloth,     55. 

In  the  Press. 

THE  HISTORY  OF  EARLY  CHRISTIAN  LITERA- 
TURE.   The  Books  of  the  New  Testament.     By  H. 

Von  Soden,  D.D.,  Professor  of  Theology  in  the  University  of 
Berlin.  Translated  by  the  Rev.  J.  R.  Wilkinson,  and  edited  by 
Rev.  W.  D.  Morrison,  LL.D.     Crown  8vo,  cloth,     ^s. 

In  Active  Preparation. 

SCIENCE  AND  RELIGION :  A  Demonstration  of  the 
Reconcilability  of  their  Points  of  View.  By  Rudolf 
Otto,  Professor  of  Theology  in  Gottingen. 

JESUS.     By  Wilhelm  Bousset,  Professor  of  Theology  in  Gottingen. 
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Library  Edition,  demy  8vo,  lo^.  dd.  per  volume.      Cheap  Popular 
Edition,  3i".  (id.  per  volume. 

ALVIELLA  (Count  GOBLET  D').  EVOLUTION  OF 
THE  IDEA  OF  GOD,  ACCORDING  TO  AN- 
THROPOLOGY AND  HISTORY.  Translated  by  the 
Rev.  P.  H.  Wicksteed.  (Hibbert  Lectures,  1891.)  Cloth. 
\os.  6d.     Cheap  Edition,  3^'.  6d. 

BEARD  (Rev.  Dr.  C).  LECTURES  ON  THE  REFOR- 
MATION OF  THE  SIXTEENTH  CENTURY  IN 
ITS  RELATION  TO  MODERN  THOUGHT  AND 
KNOWLEDGE.  (Hibbert  Lectures,  1883.)  8vo,  cloth, 
loi-.  6d.     Cheap  Edition,  3rd  Edition,  35-.  6d. 

DAVIDS  (T.  W.  RHYS).  LECTURES  ON  SOME 
POINTS  IN  THE  HISTORY  OF  INDIAN 
BUDDHISM.  (Hibbert  Lectures,  1881.)  2nd  Edition. 
8vo,  cloth.     loi-.  6d.     Cheap  Edition,  35.  6d. 

DRUMMOND  (Dr.).  VIA,  VERITAS,  VITA.  Lectures 
on  Christianity  in  its  most  Simple  and  Intelligible  Form.  (The 
Hibbert  Lectures,  1894.)     ioj-.  6d.     Cheap  Edition,  3^'.  6d. 

HATCH  (Rev.  Dr.).  LECTURES  ON  THE  INFLU- 
ENCE OF  GREEK  IDEAS  AND  USAGES  UPON 
THE  CHRISTIAN  CHURCH.  Edited  by  Dr.  Fair- 
bairn.  (Hibbert  Lectures,  1888.)  3rd  Edition.  8vo,  cloth, 
loi-.  6d.     Cheap  Edition,  3^-.  6d. 

KUENEN  (Dr.  A.).  LECTURES  ON  NATIONAL 
RELIGIONS     AND     UNIVERSAL     RELIGION. 

(The  Hibbert  Lectures,   1882.)     8vo,  cloth.      10s.  6d.     Cheap 
Edition,  t,s.  6d. 

MONTEFIORE  (C.  G.).  ORIGIN  AND  GROWTH 
OF  RELIGION  AS  ILLUSTRATED  BY  THE 
RELIGION    OF    THE    ANCIENT    HEBREWS. 

(The   Hibbert    Lectures,    1892.)      2nd    Edition.      8vo,    cloth, 
icy.  6d.     Cheap  Edition,  3^'.  6d. 

PFLEIDERER  (Dr.  O.).  LECTURES  ON  THE  IN- 
FLUENCE OF  THE  APOSTLE  PAUL  ON  THE 
DEVELOPMENT  OF  CHRISTIANITY.  Translated 
by  the  Rev.  J.  Frederick  Smith.  (Hibbert  Lectures,  1885.) 
2nd  Edition.     8vo,  cloth.     105-.  6d.     Cheap  Edition,  2,^.  6d. 

RENAN  (E.).  ON  THE  INFLUENCE  OF  THE  IN- 
STITUTIONS, THOUGHT,  AND  CULTURE  OF 
ROME  ON  CHRISTIANITY,  AND  THE  DE- 
VELOPMENT OF  THE  CATHOLIC  CHURCH. 

Translated  by  the  Rev.  Charles  Beard.     (Hibbert  Lectures,  1880.) 
8vo,  cloth.     loi'.  6d.     Cheap  Edition,  3rd  Edition,  3i'.  6d. 
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RENOUF  (P.  LE  PAGE).  ON  THE  RELIGION  OF 
ANCIENT  EGYPT.  (Hibbert  Lectures,  1879.)  3rd 
Edition.     8vo,  cloth.      10s.  6d.     Cheap  Edition,  3^-.  6d. 

RHYS  (Prof.  J.).  ON  THE  ORIGIN  AND  GROWTH 
OF  RELIGION  AS  ILLUSTRATED  BY  CELTIC 
HEATHENDOM.  (Hibbert  Lectures,  1886.)  8vo,  cloth. 
loi-.  6d.     Cheap  Edition,  3^'.  6d. 

R^VILLE  (Dr.  A.).  ON  THE  NATIVE  RELIGIONS 
OF  MEXICO  AND  PERU.  Translated  by  the  Rev. 
P.  H.  Wicksteed.  (Hibbert  Lectures,  1884.)  8vo,  cloth. 
10s.  6d.     Cheap  Edition,  3^^.  6d. 

SAYCE  (Prof.  A.  H.).  ON  THE  RELIGION  OF 
ANCIENT    ASSYRIA    AND    BABYLONIA.      4th 

Edition.      (Hibbert   Lectures,    1887.)      8vo,    cloth       10^.    6d. 
Cheap  Edition,  3^.  6d. 

UPTON  (Rev.  C.  B.).  ON  THE  BASES  OF  RE- 
LIGIOUS BELIEF.  (Hibbert  Lectures,  1893.)  Demy 
8vo,  cloth.     10^.  6d.     Cheap  Edition,  3^-.  6d. 


ALPHABETICAL   LIST. 


ALLIN  (Rev.  THOS.).  UNIVERSALISM  ASSERTED 
AS  THE  HOPE  OF  THE  GOSPEL  ON  THE 
AUTHORITY  OF  REASON,  THE  FATHERS, 
AND  HOLY  SCRIPTURE.  With  a  Preface  by  Edna 
Lyall,  and  a  Letter  from  Canon  Wilberforce.  Crown  8vo. 
Sewed,  is.  6d.  net;  cloth,  2s.  6d.  net. 

ALVIELLA  (Count  GOBLET  D').  THE  CON- 
TEMPORARY EVOLUTION  OF  RELIGIOUS 
THOUGHT  IN  ENGLAND,  AMERICA,  AND 
INDIA.  Translated  from  the  French  by  the  Rev.  J.  Moden. 
8vo,  cloth.     10s.  6d. 

EVOLUTION  OF  THE  IDEA  OF  GOD.     See  The 

Hibbert  Lectures,  p.  14. 

ANNOTATED  CATECHISM.  A  Manual  of  Natural  Religion 
and  Morality,  with  many  practical  details.  2nd  Edition.  Crown 
8vo,  cloth.     IS. 

BAUR  (F.  C).  CHURCH  HISTORY  OF  THE  FIRST 
THREE  CENTURIES.  See  Theological  Translation 
Library,  Old  Series,  p.  8. 

PAUL,  THE   APOSTLE    OF    JESUS    CHRIST. 

See  Theological  Translation  Library,  Old  Series,  p.  8. 
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BEARD  (Rev.  Dr.  C).  THE  UNIVERSAL  CHRIST, 
AND  OTHER  SERMONS.     Crown  8vo,  cloth.     7^.  dd. 

LECTURES     ON     THE     REFORMATION    OF 

THE  SIXTEENTH  CENTURY  IN  ITS  RELA- 
TION TO  MODERN  THOUGHT  AND  KNOW- 
LEDGE.    See  The  Hibbert  Lectures,  p.  14. 

BEEBY  (Rev.  C.  E.,  B.D.,  Author  of  "Creed  and  Life"). 
DOCTRINE  AND  PRINCIPLES.  Popular  Lectures 
on  Primary  Questions.     Demy  8vo,  cloth.     45.  6d. 

BIBLE.  Translated  by  Samuel  Sharpe,  being  a  Revision  of  the 
Authorised  English  Version.  6th  Edition  of  the  Old,  loth 
Edition  of  the  New  Testament.  8vo,  roan.  ^s.  See  also 
Testament. 

BLEEK  (F.).     LECTURES  ON  THE  APOCALYPSE. 

See  Theological  Translation  Library,  Old  Series,  p.  8. 

BROADBENT  (The  late  Rev.  T.  P.,  B.A.).  THIR- 
TEEN SERMONS,  AN  ESSAY,  AND  A  FRAG- 
MENT. With  a  Prefatory  Note  by  Rev.  Prof.  J.  Estlin 
Carpenter,  M.A.     Crown  8vo,  cloth,     /^s.  net. 

CAMPBELL  (Rev.  Canon  COLIN).  FIRST  THREE 
GOSPELS  IN  GREEK.     See  Testament,  New,  p.  26. 

CHANNING'S  COMPLETE  WORKS.  Including  "The 
Perfect  Life,"  with  a  Memoir,  Centennial  Edition.  4to 
Edition.     Cloth.     7^.  6d. 

CHEYNE  (Prof.  T.  K.).  BIBLE  PROBLEMS  AND 
THE  NEW  MATERIAL  FOR  THEIR  SOLU- 
TION.    See  Crown  Theological  Library,  p.  12. 

CHILD  AND  RELIGION.  Edited  by  Thomas  Stephens,  B.A. 
See  Crown  Theological  Library,  p.  13. 

CHRISTIAN  CREED  (OUR).  2nd  and  greatly  Revised 
Edition.     Crown  8vo,  cloth.     3^-.  6d. 

CLARK  (ARCHD.  JAS.).  DE  SUCCESSIONE 
APOSTOLICA  NEC  NON  MISSIONE  ET 
JURISDICTIONE  HIERARCHIiE  ANGLICANiE 
ET  CATHOLICiE.     8vo.     {Georgetown,  Guiana.)     Cloth. 

2  IS. 

SEVEN  AGES  OF  THE  CHURCH ;  or.  Exposi- 
tion of  the  Apocalypse.     Sewed,     is. 

COMMON  PRAYER  FOR  CHRISTIAN  WORSHIP: 
in  Ten  Services  for  Morning  and  Evening.  32mo, 
cloth.      IS.  6d.     Also  in  8vo,  cloth.     35-. 
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CONWAY  (MONCURE  D.).  CENTENARY  HISTORY 
OF  THE  SOUTH  PLACE   ETHICAL  SOCIETY. 

With  numerous  Portraits,  a  facsimile  of  the  original  MS.  of  the 
hymn,  "  Nearer,  my  God,  to  Thee,"  and  Appendices.  Crown 
8vo,  half-vellum,  paper  sides.     5J. 

DAVIDS  (T.  W.  RHYS).  LECTURES  ON  SOME 
POINTS  IN  THE  HISTORY  OF  INDIAN 
BUDDHISM.     See  The  Hibbert  Lectures,  p.  14. 

DELITZSCH  (F.).  BABEL  AND  BIBLE.  Two  Lectures 
delivered  before  the  Deutsche  Orient-Gesellschaft  in  the  presence 
of  the  German  Emperor.  See  Crown  Theological  Library, 
p.  10.  See  also  Harnack,  A.,  "Letter  to  Preuss.  Jahrbiicher" 
p.  18. 

DOBSCHUTZ  (E.  VON).  CHRISTIAN  LIFE  IN 
THE  PRIMITIVE  CHURCH.  See  Theological  Trans- 
lation Library,  New  Series,  p.  4. 

DRIVER  (S.  R.).     See  Mosheh  ben  Shesheth,  p.  22. 

DRUMMOND  (JAMES,  M.A.,  LL.D.,  Hon.  Litt.D., 
Principal  of  Manchester  College,  Oxford).  AN 
INQUIRY  INTO  THE  CHARACTER  AND 
AUTHORSHIP    OF    THE     FOURTH     GOSPEL. 

Demy  Bvo,  cloth.     10s.  6d. 

' '  This  is  a  valuable  book,  the  work  of  a  liberal  theologian  of  distinction 
and  great  influence." — Rev.  R.  J.  Campbell,  in  Christian  Cotnmonwealth. 

"  The  book  is  not  only  learned,  but  also  reverent  and  spiritual  in  tone,  and 
ought  to  find  its  way  into  the  libraries  of  students  of  all  shades  of  belief,  as  a 
very  notable  attempt  to  solve  one  of  the  most  important  of  New  Testament 
problems." — Christian  World. 

"  Of  the  spirit  in  which  Dr.  Drummond  approaches  the  study  of  this  work 
of  a  master  mind,  of  the  completeness  and  arrangement  of  the  material,  and  of 
the  temper  in  which  the  argument  is  conducted,  it  is  impossible  to  speak  too 
highly. " — Scotsman. 

VIA,  VERITAS,  VITA.     See  The  Hibbert  Lectures,  p.  14. 

PHILO   JUDiEUS.     See  p.  29. 


ECHOES  OF  HOLY  THOUGHTS:  Arranged  as 
Private  Meditations  before  a  First  Communion.     2nd 

Edition,  with  a  Preface  by  Rev.  J.  Hamilton  Thom.     Printed 
with  red  lines.     Fcap.  Bvo,  cloth,     is. 

EWALD  (H.).  COMMENTARY  ON  THE  PROPHETS 
OF  THE  OLD  TESTAMENT.  See  Theological  Trans- 
lation Library,  Old  Series,  p.  8. 

COMMENTARY  ON  THE  PSALMS.  See  Theo- 
logical Translation  Library,  Old  Series,  p.  8. 
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EWALD  (H.).  COMMENTARY  ON  THE  BOOK  OF 
JOB.     See  Theological  Translation  Library,  Old  Series,  p.  8. 

FIGG  (E.  G.).  ANALYSIS  OF  THEOLOGY,  NATU- 
RAL AND  REVEALED.     Crown  8vo,  cloth.     6^. 

FOUR  GOSPELS  (THE)  AS  HISTORICAL  RE- 
CORDS.    8vo,  cloth.     15^. 

GILL  (C).    THE  EVOLUTION  OF  CHRISTIANITY. 

By  Charles  Gill.  2nd  Edition.  With  Dissertations  in  answer 
to  Criticism.     8vo,  cloth.     12^. 

THE  BOOK  OF  ENOCH  THE  PROPHET. 

Translated  from  an  Ethiopic  MS.  in  the  Bodleian  Library,  by 
the  late  Richard  Laurence,  LL.D.,  Archbishop  of  Cashel.  The 
Text  corrected  from  his  latest  Notes  by  Charles  Gill.  Re-issue. 
8vo,  cloth.     5^. 

GOULD  (Rev.  S.  BARING).  LOST  AND  HOSTILE 
GOSPELS.  An  Account  of  the  Toledoth  Jesher,  two  Hebrew 
Gospels  circulating  in  the  Middle  Ages,  and  Extant  Fragments 
of  the  Gospels  of  the  first  Three  Centuries  of  Petrine  and  Pauline 
Origin.     Crown  8vo,  cloth.     7i-.  dd. 

HARNACK  (ADOLF).  MONASTICISM :  Its  Ideals 
and  History;  and  THE  CONFESSIONS  OF  ST. 
AUGUSTINE.  Two  Lectures  by  Adolf  Harnack.  Trans- 
lated into  English  by  E.  E.  Kellett,  M.A.,  and  F.  H.  Marseille, 
Ph.D.,  M.A.     Crown  8vo,  cloth.     4^. 

"The  lectures  impart  to  these  old  subjects  a  new  and  vivid  interest  which 
cannot  but  win  this  faithful  version  many  admiring  readers. " — Scotsman. 

"  One  might  read  all  the  ponderous  volumes  of  Montalembert  without 
obtaining  so  clear  a  view  or  so  rare  a  judgment  of  this  immense  subject  as  are 
offered  in  these  luminous  pages.  .  .  .  The  translation  is  excellent,  and  gives 
us  Harnack  in  pure  and  vigorous  English." — Chtistian  World. 

LETTER  to  the  "Preussische  Jahrbiicher"  on  the 

German  Emperor's  Criticism  of  Prof.  Delitzsch's 
Lectures  on  "  Babel  and  Bible."  Translated  into  English 
by  Thomas  Bailey  Saunders,     dd.  net. 

HISTORY   OF    DOGMA.     See  Theological  Translation 

Library,  New  Series,  p.  5. 

^A;'HAT  IS  CHRISTIANITY ?  See  Theological  Transla- 
tion Library,  New  Series,  p.  6.  Also  Crown  Theological 
Library,  p.  11.  See  Saunders  (T.  B.),  "Professor  Harnack 
and  his  Oxford  Critics,"  p.  25. 

EXPANSION     OF    CHRISTIANITY    IN    THE 

FIRST  THREE  CENTURIES.  See  Theological 
Translation  Library,  p.  3. 
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HATCH  (Rev.  Dr.).  LECTURES  ON  THE  IN- 
FLUENCE OF  GREEK  IDEAS  AND  USAGES 
UPON    THE     CHRISTIAN    CHURCH.      See    The 

Hibbert  Lectures,  p.  14. 

HAUSRATH  (Prof.  A.).  HISTORY  OF  THE  NEW 
TESTAMENT  TIMES.  The  Time  of  the  Apostles. 
Translated  by  Leonard  Huxley.  With  a  Preface  by  Mrs 
Humphry  Ward.  4  vols.  8vo,  cloth.  42^-.  (Uniform  with  the 
Theological  Translation  Library,  Old  Series.) 

NEW  TESTAMENT  TIMES.     The  Times  of  Jesus. 

See  Theological  Translation  Library,  Old  Series,  p.  8. 

HEBREW  TEXTS,  in  large  type  for  Classes : 

Genesis.     2nd  Edition.     i6mo,  cloth,     is.  6d. 
Psalms.      i6mo,  cloth,     is. 
Isaiah.     i6mo,  cloth,     is. 
Job.     i6mo,  cloth,     is. 

HENSLOW  (Rev.  G.).  THE  ARGUMENT  OF 
ADAPTATION ;  or,  Natural  Theology  reconsidered. 

Svo,  cloth.     IS. 

SPIRITUAL  TEACHINGS  OF  BIBLE  PLANTS  ; 

or.  The  Garden  of  God.    8vo,  cloth,     is. 

THE  AT-ONE-MENT;  or.  The  Gospel  of  Recon- 
ciliation.    8vo,  cloth.     IS. 

CHRIST  NO  PRODUCT  OF  EVOLUTION.     8vo, 

cloth,     i^. 

HERFORD  (R.  TRAVERS,  B.A.).  CHRISTIANITY 
IN  TALMUD  AND  MIDRASH.  Demy  Svo,  cloth. 
18^.  net. 

CONTENTS  :— Introduction.  Division  I.  Passages  from 
the  Rabbinical  Literature :  A.  Passages  relating  to  Jesus. 
B.  Passages  relating  to  Minim,  Minuth.  Division  IL  General 
Results.  Appendix  containing  the  Original  Texts  of  the 
Passages  translated.     Indices. 

' '  His  book  (if  he  is  right  in  his  identification  of  the  Minim)  is  a  history  of 
Judaising  Christianity — the  first  independent  and  competent  history  written  in 
English." — Expository  Times. 

"  It  must  become  at  once  the  standard  authority  on  its  subject." — Man- 
chester Guardian. 

"  It  is  no  exaggeration  to  say  that  it  will  prove  indispensable  not  only  to 
scholars  interested  in  Talmudic  literature,  but  to  all  who  study  the  subject  of 
the  evangelical  tradition.  It  will  introduce  the  reader  into  a  new  world — 
that  of  Jewish  thought  in  the  centuries  after  OcmsX!^ —Cambridge  Review. 

HERRMANN  (W.).  THE  COMMUNION  OF  THE 
CHRISTIAN  WITH  GOD.  See  Theological  Translation 
Library,  New  Series,  p.  6. 
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HERRMANN  (W.).  FAITH  AND  MORALS.  See  Crown 
Theological  Library,  p.  12. 

HIBBERT  JOURNAL:  A  Quarterly  Review  of  Re- 
ligion, Theology,  and  Philosophy.  Edited  by  L.  P. 
Jacks  and  G.  Dawes  Hicks.  Vol.  I.  Royal  8vo.  856  pp. 
Vol.  II.  864  pp.  Vol.  III.  869  pp.  Cloth.  Each  12s.  dd. 
net.     Annual  Subscription,  loi-.  post  free. 

HOERNING  (Dr.  R.).  THE  KARAITE  MSS., 
BRITISH  MUSEUM.  The  Karaite  Exodus  (i.  to  viii.  5) 
in  Forty-two  Autotype  Facsimiles,  with  a  Transcription  in 
ordinary  Arabic  type.  Together  with  Descriptions  and  Colla- 
tion of  that  and  five  other  MSS.  of  portions  of  the  Hebrew 
Bible  in  Arabic  characters  in  the  same  Collection.  Royal  4to, 
cloth,  gilt  top.     20s. 

HORTON  (J.).  MY  SEARCH  FOR  TRUTH,  AND 
WHAT  I  FOUND.     Crown  8vo,  cloth.     2s.  6d. 

HUNTER  (Rev.  J.,  D.D.).  THE  COMING  CHURCH. 
A  Plea  for  a  Church  simply  Christian.   Cloth,   is.  6d.  net. 

CIVIC  APATHY.   A  Sermon  preached  at  Bechstein 

Hall,  London,  Sunday  morning,  June  25,  1905.    6d.  net. 

JOHNSON  (EDWIN,  M.A.).  THE  RISE  OF 
CHRISTENDOM.     Demy  8vo,  cloth.     7^.  6d. 

ANTIQUA  MATER  :  A  Study  of  Christian  Origins. 

Crown  8vo,  cloth.     2s.  6d. 

THE    RISE    OF    ENGLISH    CULTURE.      Demy 

8vo,  cloth.     155-.  net. 

JONES  (Rev.  R.  CROMPTON).  HYMNS  OF  DUTY 
AND  FAITH.  Selected  and  Arranged.  247  pp.  Fcap.  8vo, 
cloth.     2nd  Edition.     3^.  6d. 

CHANTS,  PSALMS,  AND  CANTICLES.     Selected 

and  Pointed  for  Chanting.     i8mo,  cloth,     i^.  6d. 

JONES  (Rev.  R.  CROMPTON).  ANTHEMS.  With 
Indexes  and  References  to  the  Music.     i8mo,  cloth,     is.  3^. 

. THE     CHANTS    AND    ANTHEMS.      Together    in 

I   vol.,  cloth.       2S. 


-  A  BOOK  OF  PRAYER.  In  Thirty  Orders  of  Worship, 
with  Additional  Prayers  and  Thanksgivings.  i8mo,  cloth. 
2S.  6d.     With  Chants,  in  i  vol.  i8mo,  cloth.     35-. 
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KAUTZSCH  (E.).  AN  OUTLINE  OF  THE  HISTORY 
OF  THE  LITERATURE  OF  THE  OLD  TESTA- 
MENT. With  Chronological  Tables  for  the  History  of  the 
Israelites,  and  other  Aids  to  the  Explanation  of  the  Old  Testa- 
ment. Reprinted  from  the  "  Supplement  to  the  Translation  of 
the  Old  Testament."  By  E.  Kautzsch,  Professor  of  Theology 
at  the  University  of  Halle.  Edited  by  the  Author.  Translated 
by  John  Taylor,  D.Lit.,  M.A.,  etc.     Demy  8vo,  cloth.     6.y.  6d. 

"This  English  translation  ...  is  likely  to  prove  very  acceptable  to 
all  those  students  who  desire  to  see  for  themselves  the  view  taken  by  the 
'  higher  critics  '  of  the  growth  of  the  Old  Testament." — The  Guardian. 

"  Dr.  Taylor  has  rendered  a  great  service  to  the  English  readers  by 
his  excellent  translation  of  this  important  work." — British  Weekly. 

"As  to  matter,  it  is  the  work  of  a  scholar  who  is  not  afraid  of  results 
suggested  by  fair  research,  but  who  never  grasps  at  novelties  merely  for 
the  sake  of  originality.  In  style  and  language,  the  book  reads  more  like  an 
original  than  a  translation  ;  an  original,  too,  which  in  its  terseness  of 
expression  has  escaped  the  prolix  obscurity  so  commonly  complained  of  in 
the  writings  of  the  author's  country." — Chutxh  Gazette. 

' '  A  brief  yet  comprehensive  statement  of  critical  opinion  respecting  the 
order  and  origin  of  the  Old  Testament  books." — Methodist  Times. 

KEIM'S    HISTORY   OF   JESUS    OF    NAZARA.      See 

Theological  Translation  Library,  Old  Series,  p.  8. 

KENNEDY  (Rev.  JAS.).     BIBLICAL  HEBREW.     See 

P-  35- 

KIRK  (R.  S.).  SIDE-LIGHTS  ON  GREAT  PROB- 
LEMS OF  HUMAN  INTEREST.     Crown  Svo,  cloth. 

KITTEL  (R.).     HISTORY  OF  THE  HEBREWS.     See 

Theological  Translation  Library,  New  Series,  p.  6. 

KUENEN  (Dr.  A.).  LECTURES  ON  NATIONAL 
AND  UNIVERSAL  RELIGIONS.  See  The  Hibbert 
Lectures,  p.  14. 

THE   RELIGION   OF   ISRAEL  TO  THE  FALL 

OF  THE  JEWISH  STATE.    See  Theological  Translation 
Library,  Old  Series,  p.  9. 


LOBSTEIN  (P.).  THE  DOGMA  OF  THE  VIRGIN 
BIRTH  OF  CHRIST.  See  Crown  Theological  Library, 
p.  10. 

LODGE  (Sir  O.).     LIFE  AND  MATTER :   A  Criticism 
of  Professor  Haeckel's  Riddle  of  the  Universe.    Crown 
.    Svo,  cloth.     2^.  td.  net. 
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MACAN  (R.  W.).  THE  RESURRECTION  OF 
JESUS  CHRIST.  An  Essay  in  Three  Chapters.  8vo, 
cloth.     5s. 

MACKAY  (R.  W.).  SKETCH  OF  THE  RISE 
AND  PROGRESS  OF  CHRISTIANITY.  8vo, 
cloth.     6s. 

MARCHANT  (JAMES).  THEORIES  OF  THE  RE- 
SURRECTION OF  JESUS  CHRIST.  Crown  8vo, 
stiff  covers,  2s.  net ;  superior  cloth  binding,  3^. 

MARTINEAU  (Rev.  Dr.  JAMES).  THE  RELATION 
BETWEEN     ETHICS     AND     RELIGION.      An 

Address.     Bvo,  sewed,     is. 

MODERN  MATERIALISM :  Its  Attitude  towards 

Theology.     A  Critique  and  Defence.     Bvo,  sewed.     2s.  6d. 


MONTEFIORE  (C.  G.).  ORIGIN  AND  GROWTH 
OF  RELIGION  AS  ILLUSTRATED  BY  THE 
RELIGION    OF    THE    ANCIENT    HEBREWS. 

See  The  Hibbert  Lectures,  p.  14. 

MOSHEH  BEN  SHESHETH'S  COMMENTARY  ON 
JEREMIAH  AND  EZEKIEL.  Edited  from  a  Bodleian 
MS.,  with  a  Translation  and  Notes,  by  S.  R.  Driver.  8vo, 
sewed,     ^s. 

NESTLE  (E.).  INTRODUCTION  TO  THE  TEX- 
TUAL CRITICISM  OF  THE  GREEK  NEW 
TESTAMENT.  See  Theological  Translation  Library,  New 
Series,  p.  7. 

OTTO  (R.).  SCIENCE  AND  RELIGION.  See  Crown 
Theological  Library,  p.  13. 

PERRIN  (R.  S.).  THE  EVOLUTION  OF  KNOW- 
LEDGE :  A  Review  of  Philosophy.    Crown  8vo,  cloth. 

PERSONAL  AND  FAMILY  PRAYERS.  8vo,  buckram. 
IS.  net. 
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PETERS  (JOHN    P.).      EARLY   HEBREW  STORY. 

A  Study  of  the  Origin,  the  Value,  and  the  Historical  Background 
of  the  Legends  of  Israel.  See  Crown  Theological  Library, 
p.   12. 

PFLEIDERER  (Dr.  O.).  LECTURES  ON  THE  IN- 
FLUENCE OF  THE  APOSTLE  PAUL  ON  THE 
DEVELOPMENT   OF    CHRISTIANITY.     See  The 

Hibbert  Lectures,  p.  14. 

PAULINISM:    A  Contribution   to    the   History  of 

Primitive  Christianity.  See  Theological  Translation  Lib- 
rary, Old  Series,  p.  9. 

PHILOSOPHY  OF  RELIGION  ON  THE  BASIS 

OF  ITS  HISTORY.  See  Theological  Translation  Library, 
Old  Series,  p.  9. 

THE   EARLY  CHRISTIAN   CONCEPTION   OF 

CHRIST:  Its  Significance  and  Value  in  the  History 
of  Religion.     See  Crown  Theological  Library,  p.  13. 

PLAIN  COMMENTARY  ON  THE  FIRST  GOSPEL. 

By  an  Agnostic.     8vo,  cloth,     i^s. 

POOLE  (REG.  LANE).  ILLUSTRATIONS  OF  THE 
HISTORY  OF  MEDIAEVAL  THOUGHT  IN 
THE  DEPARTMENTS  OF  THEOLOGY  AND 
ECCLESIASTICAL  POLITICS.     8vo,  cloth.     10^.  6d. 

PROTESTANT  COMMENTARY  ON  THE  NEW 
TESTAMENT.  See  Theological  Translation  Library,  Old 
Series,  p.  9. 

RENAN  (E.).  ON  THE  INFLUENCE  OF  THE  IN- 
STITUTIONS, THOUGHT,  AND  CULTURE  OF 
ROME  ON  CHRISTIANITY  AND  THE  DE- 
VELOPMENT OF  THE  CATHOLIC  CHURCH. 

See  Hibbert  Lectures,  p.  14. 

RENOUF  (P.  LE  PAGE).  ON  THE  RELIGION 
OF  ANCIENT  EGYPT.     See  Hibbert  Lectures,  p.  15. 

REVILLE  (A.).    THE  SONG  OF  SONGS,  commonly 
called  the  Song  of  Solomon,  or  the  Canticle.     Trans- 
.  lated  from  the  French.     Crown  8vo,  cloth,     is.  6d. 
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R^VILLE     (A.).      ON     NATIVE     RELIGIONS     OF      ) 

MEXICO  AND  PERU.     See  Hibbert  Lectures,  p.  15. 

PROLEGOMENA  OF  THE  HISTORY  OF  RE- 
LIGIONS. See  Theological  Translation  Library,  Old  Series, 
p.  9. 

RfeVILLE  (JEAN).     LIBERAL  CHRISTIANITY.     See 

Crown  Theological  Library,  p.  11. 

See  also  Sabatier's  "  Religions  of  Authority  and  Religion  of  the 

Spirit,"  p.  4. 

RHYS  (J.).  ON  THE  ORIGIN  AND  GROWTH  OF 
RELIGION  AS  ILLUSTRATED  BY  CELTIC 
HEATHENDOM.     See  Hibbert  Lectures,  p.  15. 

RIX  (HERBERT).  A  DAWNING  FAITH;  or,  The 
World   as   a  Spiritual   Organism.      Crown   8vo,  cloth. 

ROBINSON  (ALEX.,  M.A.,  B.D.).  A  STUDY  OF 
THE  SAVIOUR  IN  THE  NEWER  LIGHT.     2nd 

Edition.     Revised   and   partly   re-written.      Demy   8vo,    cloth. 

OLD  AND  NEW  CERTAINTY  OF  THE  GOS- 
PEL.    A  Sketch.     Crown  8vo,  cloth.     2^.  dd. 

SABATIER  (AUGUSTE).  THE  RELIGIONS  OF 
AUTHORITY  AND  THE  RELIGION  OF  THE 
SPIRIT.  With  a  Memoir  by  Professor  J.  Reville.  See 
Theological  Translation  Library,  New  Series,  p.  4. 

THE  DOCTRINE  OF  THE  ATONEMENT  AND 

ITS  HISTORICAL  EVOLUTION;  and  RELI- 
GION AND  MODERN  CULTURE.  See  Crown 
Theological  Library,  p.  12. 

SADLER  (Rev.  Dr.).  PRAYERS  FOR  CHRISTIAN 
WORSHIP.     Crown  8vo,  cloth,     ^s.  6d. 

CLOSET     PRAYERS,     Original     and     Compiled. 

iSmo,  cloth.     IS.  6d. 
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SAUNDERS  (T.  BAILEY).  PROFESSOR  HARNACK 
AND  HIS  OXFORD  CRITICS.  Crown  8vo,  cloth. 
IS.  6d.  net. 

' '  It  gives  thoughtful  and  acutely  reasoned  support  to  the  great  historical 
student  of  Christianity  who  represents  Berlin  in  theology  against  the  pig- 
tailed  opposition  which  Oxford  has  offered  to  his  learning.  A  spirited  piece 
of  controversial  writing,  it  cannot  but  prove  stimulating  to  readers  interested 
in  modern  divinity,  no  matter  to  which  side  of  the  debate  their  private  pre- 
possessions incline  them." — Scotsman, 

"  Mr.  Saunders  writes  with  sobriety  and  with  a  knowledge  of  the  points 
at  issue.  Readers  of  '  Harnack  and  his  Critics '  will  do  well  to  read  his 
comments." — Sheffield  Daily  Teleg7'aph. 

SAVAGE  (M.  J.).     BELIEFS  ABOUT  THE   BIBLE. 

8vo,  cloth.     7^.  dd. 

SAYCE  (A.  H.).  ON  THE  RELIGION  OF  ANCIENT 
ASSYRIA  AND  BABYLONIA.  See  Hibbert  Lectures, 
P-  15- 

SCHRADER  (E.).  CUNEIFORM  INSCRIPTIONS 
AND  THE  OLD  TESTAMENT.  See  Theological 
Translation  Library,  Old  Series,  p.  9. 

SEVERUS  (Patriarch  of  Antioch).  THE  SIXTH 
BOOK  OF  THE  SELECT  LETTERS  OF 
SEVERUS,  PATRIARCH  OF  ANTIOCH,  in  the 
Syriac  Version  of  Athanasius  of  Nisibis.  Edited  and 
translated  by  E.  W.  Brooks.  Vol.  I.  (Text),  Part  i,  and  Vol.  II. 
(Translation),  Part  i.  2  vols.  8vo,  cloth.  42 j-.  net.  Vol.  I. 
(Text),  Part  2,  and  Vol.  II.  (Translation),  Part  2.  2  vols.  Svo, 
cloth.     42J'.  net.     See  Text  and  Translation  Society,  p.  38. 

SHARPE  (SAMUEL).  HISTORY  OF  THE  HEBREW 
NATION  AND  ITS  LITERATURE.  With  an  Ap- 
pendix on  the  Hebrew  Chronology.  5th  Edition.  Crown  8vo, 
cloth.     4^.  (id. 

CRITICAL    NOTES    ON    THE    AUTHORISED 

ENGLISH   VERSION    OF   THE   NEW  TESTA- 
MENT.    2nd  Edition.     i2mo,  cloth.     \s.  6d. 

SMITH  (MARTIN  R.).  WHAT  I  HAVE  TAUGHT 
MY  CHILDREN.  2nd  Edition,  Revised.  Crown  Svo, 
cloth.     3 J.  6d. 

SODEN  (H.  von,  D.D.).  THE  HISTORY  OF  EARLY 
CHRISTIAN  LITERATURE.  See  Crown  Theological 
Library,  p.  13. 
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THE  STATUTES  OF  THE  APOSTLES.  The  hitherto 
unedited  Ethiopia  and  Arabic  Texts.  Edited,  with  an  Introduc- 
tion and  Translations  of  the  Ethiopia,  Arabic,  and  Coptic  Texts, 
by  Rev.  G.  Horner,  M.A.  With  an  Appendix — a  recently  dis- 
covered variant  of  the  Coptic  Text,     i  Ss.  net. 

TAYLER  (Rev.  JOHN  JAMES).  AN  ATTEMPT  TO 
ASCERTAIN  THE  CHARACTER  OF  THE 
FOURTH  GOSPEL,  especially  in  its  Relation  to 
the  First  Three.     2nd  Edition.    8vo,  cloth.    5^. 

TAYLOR  (Rev.  C).  THE  DIRGE  OF  COHELETH 
IN  ECCLES.  XII.  DISCUSSED  AND  LITER- 
ALLY INTERPRETED.     8vo,  cloth.    3s. 

TAYLOR  (Rev.  Dr  J.).  THE  MASSORETIC  TEXT 
AND  THE  ANCIENT  VERSIONS  OF  THE 
BOOK  OF  MICAH.     Crown  8vo,  cloth.     5^. 

See  also  Kautzsch,  "  Outline,"  p.  21. 


TEN     SERVICES     OF     PUBLIC     PRAYER,     with 
Special  Collects.     Bvo,  cloth,  ^s. ;  or  32010,  cloth,  i^.  6d. 

PSALMS  AND  CANTICLES.     Bvo,  cloth,     i^.  6d. 


PSALMS     AND     CANTICLES,     with     Anthems. 

8vo,  cloth.     2S. 

TEN  SERVICES  OF  PUBLIC  PRAYER,  taken  in 
Substance  from  the  Common  Prayer  for  Christian 
Worship,  with  a  few  Additional  Prayers  for  Particular 
Days.     8vo,  cloth,  2s.  6d. ;  or  32010,  cloth,  is. 

TESTAMENT,  THE  NEW.  TISCHENDORF  (C). 
NOVUM  TESTAMENTUM  GRiECE.  3  vols.  8vo. 
70X.  net. 

CAMPBELL    (Rev.   Canon    COLIN,    M.A.,    D.D.). 

THE    FIRST    THREE    GOSPELS    IN    GREEK. 

Arranged  in  parallel  columns.     2nd  Edition,  Revised.     Crown 
8vo,  cloth.     5^.  net. 

UPTON  (C.  B.).  ON  THE  BASES  OF  RELIGIOUS 
BELIEF.     See  Hibbert  Lectures,  p.  15. 
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ALPHABETICAL  LIST— Continued. 

VICKERS  (J.).  THE  REAL  JESUS  :  A  Review  of  His 
Life,  Character,  and  Death,  from  a  Jewish  Stand- 
point.    Crown  8vo.     6^. 

THE     CRUCIFIXION     MYSTERY.        Crown    8vo, 

cloth,     ^s.  6d. 

VIZARD  (P.   E.).     PRAYERS,  NEW  AND  OLD.     New 

Edition.  Printed  at  the  Chiswick  Press.  Crown  8vo,  buck- 
ram.    IS.  net. 

VOYSEY  (Rev.  C).  THE  SLING  AND  THE  STONE. 
Vol.  VIII.  On  the  Lord's  Prayer,  Bvo,  cloth.  3.?.  6d.  Vol.  IX. 
The  Fatherhood  of  God.  Sermon  on  the  Mount,  etc.  Bvo, 
cloth.  75.  6d.  Vol.  X.  Revelation  tested  on  Moral  Grounds, 
etc.     Bvo,  cloth.     loi-.  6d. 

THEISM     AS     A     SCIENCE     OF     NATURAL 

THEOLOGY  AND  NATURAL  RELIGION.  Bvo, 
cloth,     2s.  6d. 

THEISTIC    PRAYER    BOOK.      3rd  Edition.      i2mo, 

cloth.     3^-.  6d. 

WEIR  (T.  H.,  B.D.).  A  SHORT  HISTORY  OF  THE 
HEBREW  TEXT  OF  THE  OLD  TESTAMENT. 

By  Thomas  H.  Weir,  Assistant  to  the  Professor  of  Oriental 
Languages  in  the  University  of  Glasgow.  Crown  Bvo,  sewed;, 
5^. ;  cloth,  6s. 

WEIZSACKER  (C.  VON).    THE  APOSTOLIC  AGE. 

2  vols.  See  Theological  Translation  Library,  New  Series, 
p.  7. 

WERNLE  (PAUL).  THE  BEGINNINGS  OF  CHRIS- 
TIANITY. 2  vols.  Bvo.  See  Theological  Translation 
Library,  New  Series,  p.  4. 

WICKSTEED  (Rev.  P.  H.).  THE  ECCLESIASTICAL 
INSTITUTIONS  OF  HOLLAND,  treated  with 
Special  Reference  to  the  Position  and  Pros- 
pects of  the  Modern  School  of  Theology.  A  Report 
presented  to  the  Hibbert  Trustees,  and  published  by  their 
direction.     Bvo,  sewed,     is. 

WIMMER  (R.).  MY  STRUGGLE  FOR  LIGHT: 
Confessions  of  a  Preacher.  See  Crown  Theological 
Library,  p.  11. 
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ALPHABETICAL  LIST— Continued. 

WRIGHT  (Rev.  C.  H.  H.).  BOOK  OF  GENESIS  IN 
HEBREW  TEXT.  With  a  critically  revised  Text,  various 
Readings,  and  Grammatical  and  Critical  Notes.     Demy  8vo. 

BOOK  OF  RUTH   IN   HEBREW  TEXT.     With  a 

critically  revised  Text,  various  Readings,  including  a  new 
Collation  of  Twenty-eight  Hebrew  MSS.,  and  a  Grammatical 
and  Critical  Commentary;  to  which  is  appended  the  Chaldee 
Targum.     Demy  8vo.     7^.  (id. 

DANIEL  AND    HIS    PROPHECIES.      Demy   8vo, 

cloth.     7J.  dd. 

DANIEL,  THE  BOOK  OF:  A  Critical  and  Gram- 
matical Commentary,  with  Appendix.    Demy  Svo,  cloth. 

7^.  dd. 

WRIGHT  (G.  H.  BATESON).    THE  BOOK  OF  JOB. 

A  new  critically  revised  Translation,  with  Essays  on  Scansion, 
Date,  etc.     Svo,  cloth.     6j. 

WAS    ISRAEL   EVER   IN   EGYPT?   or,  A  Lost 

Tradition.  By  G.  H.  Bateson  Wright,  D.D.,  Queen's  College, 
Oxford;  Headmaster  Queen's  College,  Hong-Kong;  Author  of 
"  A  Critical  Revised  Translation  of  the  Book  of  Job."  Svo,  art 
linen.     7^.  6^. 

ZELLER  (E.).  CONTENTS  AND  ORIGIN  OF  THE 
ACTS  OF  THE  APOSTLES.  See  Theological  Transla- 
tion Library,  Old  Series,  p.  9. 
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II.    Philosophy,   Psychology. 

BACON     (ROGER),     THE     "OPUS     MAJUS"     OF. 

Edited,  with  Introduction  and  Analytical  Table,  by  John  Henry 
Bridges,  Fellow  of  Royal  College  of  Physicians,  sometime  Fellow 
of  Oriel  College.  Complete  in  3  vols.,  ^is.  6d.;  Vol.  III.  sold 
separately,  7^.  6d. 

BREWSTER  (H.  B.).  THE  THEORIES  OF  AN- 
ARCHY AND  OF  LAW.     A  Midnight  Debate.     Crown 

8vo,  parchment,     ^s. 

THE  PRISON.    A  Dialogue.    Crown  8vo,  parchment.     5^. 

THE  STATUETTE  AND  THE  BACKGROUND. 

Crown  8vo,  parchment.     4s. 

COLLINS  (F.  H.).  AN  EPITOME  OF  THE  SYN- 
THETIC PHILOSOPHY.  By  F.  Howard  Collins. 
With  a  Preface  by  Herbert  Spencer.  5th  Edition.  The  Syn- 
thetic Philosophy  Completed.     Svo,  cloth,     21s. 

DENNYS  (EDWARD  N.).  THE  ALPHA;  or,  The 
First  Mental  Principle  and  Truth-Guide  to  General 
Well-Being  and  Progress :  A  Revelation  but  no 
Mystery.  6th  Edition.  With  a  Portrait  of  the  Author. 
Crown  Svo,  cloth.     3^-.  6d. 

DRUMMOND  (Dr.).  PHILO  JUD^US;  or.  The  Jewish 
Alexandrian  Philosophy  in  its  Development  and  Com- 
pletion. By  James  Drummond,  LL.D.,  Principal  of  Man- 
chester New  College,  Oxford.     2  vols.  Svo,  cloth.     21s. 

HODGSON  (S.  H.).  PHILOSOPHY  AND  EXPERI- 
ENCE. An  Address  deUvered  before  the  Aristotelian  Society. 
Svo,  sewed.     2s. 

THE    REORGANISATION    OF    PHILOSOPHY. 

Address.     Svo,  sewed,     is. 

LAURIE  (Professor  SIMON).  ETHICA :  or,  The  Ethics 
of  Reason.  By  Scotus  Novanticus.  2nd  Edition.  Svo, 
cloth.     6s. 

METAPHYSICA  NOVA  ET  VETUSTA :  A  Return 

to  Dualism.     2nd  Edition.     Crown  Svo,  cloth.     6^. 

LODGE  (Sir  O.).  LIFE  AND  MATTER.  See  Religion, 
p.  21. 
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MACKENZIE  (MALCOLM).  SOCIAL  AND  POLITI- 
CAL DYNAMICS.  An  Exposition  of  the  Function  of 
Money  as  the  measure  of  Contract,  Trade,  and  Government, 
viewed  from  the  Principles  of  Natural  Philosophy  and  Juris- 
prudence, in  refutation  of  Economic  Dogmas.  Demy  8vo, 
cloth.     lo^.  (id. 

MIND:  A  Quarterly  Review  of  Psychology  and  Philo- 
sophy. Nos.  1-64.  1876-90.  8vo,  each  3^-.  Vols.  TII.^ 
XVI.  in  cloth,  each  i3J-.  New  Series,  Nos.  1-32,  each  3J. ; 
33  and  after,  4^.  Vols.  I.-VIII.,  each  13^.  Vols.  IX.-XIV., 
each  17^^.     Annual  Subscription,  post  free,  \2S. 

MtJNSTERBERG  (HUGO,  Professor  of  Psychology  at 
Harvard  University).  THE  AMERICANS.  Trans- 
lated by  Edwin  B.  Holt,  Ph.D.,  Instructor  at  Harvard  Uni- 
versity.    X2S.  6d.  net. 

PERRIN  (R.  S.).  EVOLUTION  OF  KNOWLEDGE 
(THE):  A  Review  of  Philosophy.     6^^. 

PIKLER  (JUL.).  THE  PSYCHOLOGY  OF  THE 
BELIEF  IN  OBJECTIVE  EXISTENCE.  Part  I. 
Svo,  cloth.     4s.  6d. 

PROCEEDINGS  OF  THE  ARISTOTELIAN  SOCIETY 
FOR  THE  SYSTEMATIC  STUDY  OF  PHILO- 
SOPHY. Proceedings.  Vol.  I.,  4  Nos.,  1890-91.  Svo. 
12^.  Discontinued  after  Vol.  III.  Part  2.  Or  each  Part 
separately.  Vol.  I.  No.  i,  2s.  6d. ;  No.  2,  2s.  6d. ;  No.  3, 
Part  I,  IS.  6d.;  Part  2,  2s.;  No.  4,  Part  i,  is.  6d.;  Part  2, 
2S.  Vol.  11.  No.  I,  Part  i,  is.  6d. ;  Part  2,  2s. ;  No.  2, 
Part  I,  li'.  6d. ;  Part  2,  2s.;  No.  3,  Part  i,  2s.;  Part  2,  2s. 
Vol.  III.  Part  I,  2s.  6d.;  Part  2,  2s.  NEW  SERIES,  Vols. 
I.-III.     Demy  8vo,  buckram,  each  105-.  6d.  net. 

ROBERTSON  (G.  C).  PHILOSOPHICAL  REMAINS 
OF  GEORGE  CROOM  ROBERTSON,  Grote  Pro- 
fessor of  Mind  and  Logic,  University  College,  London. 

With  a  Memoir,  Edited  by  Alexander  Bain,  LL.D.,  Emeritus 
Professor  of  Logic,  Aberdeen,  and  T.  Whittaker,  B.A.  (Oxon.). 
With  Portrait.     Med.  Svo,  cloth,     gs.  net. 

SCHURMAN  (J.  GOULD).  KANTIAN  ETHICS  AND 
THE  ETHICS  OF  EVOLUTION.     8vo,  cloth.     5s. 

THE    ETHICAL    IMPORT    OF     DARWINISM. 

Crown  Svo,  cloth,     ^s. 

SCRIPTURE  (EDWARD  W.,  Ph.D.).  STUDIES 
FROM  THE  YALE  PSYCHOLOGICAL  LABORA- 
TORY.    Vols.  I.-VL,  each  4s.  2d.  net. 
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SMITH  (H.  W.).  THE  GARDEN  OF  LIFE.  Flowers 
of  Thought  on  Culture,  Conduct,  and  Character  for  every  day 
in  the  year,  gathered  and  arranged  by  H.  W.  Smith.  Crown 
8vo,  cloth  gilt.     5^.  net. 

SPENCER    (HERBERT).      AN    AUTOBIOGRAPHY. 

2  vols.     Demy  8vo.     With  Portraits.     Green  buckram,  gilt  top. 
28^^.  net. 

"  It  is  not  too  much  to  say  that  we  close  this  book,  the  most  interesting, 
and  certainly  one  of  the  most  important  we  have  ever  opened,  feeling  better, 
wiser,  and  humbler  for  having  thus  hastily  read  it." — Academy, 

"  It  is  a  book  for  all  men  and  for  all  time.  In  its  pages  the  thinker  may 
trace,  step  by  step,  the  synthesis  of  synthetic  philosophy.  Here  the  poet 
will  find  not  only  a  worthy  inspiration,  but  a  possibly  surprising  vein  of 
sympathy.  The  statesman,  the  inventor,  the  litterateur,  the  man  of  theory, 
and  the  man  of  practice  will  find  alike,  within  the  covers  of  these  two 
massive  volumes,  an  almost  inexhaustible  treasury  of  interest  and  constructive 
thought.  There  is  suggestion  and  instruction  for  all  the  world,  and  an 
almost  indefinable  fascination — whether  it  be  due  to  the  mere  intrinsic 
beauty  of  the  picture  itself,  or  to  the  dignity  of  its  execution,  or  to  the  sense 
of  its  almost  laborious  faithfulness,  or  to  the  combined  attraction  of  all 
three. " — St  James's  Gazette. 

A  SYSTEM  OF  SYNTHETIC  PHILOSOPHY— 

Vol,  I.  FIRST  PRINCIPLES,  nth  Thousand,  with  an  Appendix 
and  a  Portrait.  Finally  revised.  New  Edition,  large  crown  8vo,  cloth. 
7j.  ()d. 

Vols.  II.  and  III.    THE   PRINCIPLES   OF    BIOLOGY.     6th 

Thousand-     8vo,  cloth.     Revised  and  greatly  enlarged.     Vols.  I.  and  II. 
i8j,  each. 

VoJs.  IV.  and  V.  THE  PRINCIPLES  OF  PSYCHOLOGY. 
5th  Thousand.     2  vols.     8vo,  cloth,     365-. 

Vol.  VI.  THE  PRINCIPLES  OF  SOCIOLOGY.  Vol.  I. 
Part  I,  The  Data  of  Sociology  ;  Part  2,  The  Inductions  of  Sociology  ; 
Part  3,  Domestic  Institutions.  4th  Thousand,  revised  and  enlarged.  8vo, 
cloth,     2\s. 

Vol.  VII.  THE  PRINCIPLES  OF  SOCIOLOGY.  Vol.  II. 
Part  4,  Ceremonial  Institutions ;  Part  5,  Political  Institutions,  3rd 
Thousand.     8vo,  cloth.     \%s. 

Vol.  VIII,  THE  PRINCIPLES  OF  SOCIOLOGY,  Vol.  Ill, 
Part  6,  Ecclesiastical  Institutions  ;  Part  7,  Professional  Institutions ;  Part  8, 
Industrial  Institutions,     2nd  Thousand,     8vo,  cloth,     ids. 

Vol,  IX,  THE  PRINCIPLES  OF  ETHICS,  Vol,  I,  Part  i, 
The  Data  of  Ethics ;  Part  2,  The  Inductions  of  Ethics ;  Part  3,  The  Ethics 
of  Individual  Life,     2nd  Thousand.     8vo,  cloth.     15^-. 

Vol,  X,  THE  PRINCIPLES  OF  ETHICS,  Vol,  II,  Part  4, 
Justice ;  Part  5,  Negative  Beneficence ;  Part  6,  Positive  Beneficence ; 
Appendices,     Demy  8vo,  cloth,     12s.  6d. 
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Also  to  be  had  separately : 

SPENCER   (HERBERT).     JUSTICE.      Being  Part  4  of 
the  Principles  of  Etliics.     2nd  Thousand.     8vo,  cloth.     6s. 


Other  Works. 

-THE    STUDY    OF    SOCIOLOGY.      Library   Edition 
(21st  thousand),  with  a  Postscript.     8vo,  cloth.     loj-.  6d. 


EDUCATION :    Intellectual,   Moral,   and  Physical. 

Cheap  Edition.     Eatirely  reset.     46th  Thousand.     Crown  8vo. 
2s.  6d. 

ESSAYS:  Scientific,  Political,  and  Speculative.     A 

new  Edition,  rearranged,  with  additional  Essays.     3  vols.  8vo, 
cloth.     (Each  xos.)     30J. 

SOCIAL  STATICS.     Abridged  and  revised,  together  with 

"  The  Man  z;.  The  State."      8vo,  cloth.     10s. 

VARIOUS  FRAGMENTS.     Uniform  in  library  binding. 

Demy  8vo,  cloth.     Enlarged  Edition.     6s. 

FACTS  AND  COMMENTS.     Demy  8vo,  cloth.     6^. 

THE   MAN    versus  THE   STATE.      14th  Thousand. 

Sewed,     is. 

A  REJOINDER  TO  PROFESSOR  WEISMANN. 

Sewed.     6d. 

REASONS     FOR     DISSENTING    FROM     THE 

PHILOSOPHY  OF  M.  COMTE.     Sewed.     6d 

DESCRIPTIVE  SOCIOLOGY;  or.  Groups  of  Soci- 
ological Facts.  Compiled  and  abstracted  by  Professor  D. 
Duncan  of  Madras,  Dr  Richard  Scheppig,  and  James  Collier. 
Folio,  boards. 

No.  I.  English.     iSi-. 

No.  2.  Ancient  American  Races.     16^. 

No.  3.  Lowest  Races,  Negritto  Races,  Polynesians.     i8j. 

No.  4.  African  Races.     i6j-. 

No.  5.  Asiatic  Races.     iSs. 

No.  6.  American  Races.     i8i'. 

No.  7.  Hebrews  and  Phoenicians.     21s. 

No.  8.  The  French  Civilisation.     30^-. 

JVew  volumes  i?t  preparation. 
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SPENCER  (HERBERT).  COLLINS  (F.  H.).  AN 
EPITOME  OF  THE  SYNTHETIC  PHILOSOPHY. 

By  F.  Howard  Collins.  Being  a  Digest  of  Mr  Herbert 
Spencer's  Works.  5th  Edition,  the  Synthetic  Philosophy 
Completed.     With  a  Preface  by  Herbert  Spencer.     8vo,  cloth. 

2  IS. 

DREY  (S.).     HERBERT  SPENCER'S  THEORY 

OF  RELIGION  AND  MORALITY.  By  Sylvan  Drey. 
8vo,  sewed,     is. 

A  THEORY  OF  LIFE  DEDUCED  FROM 

THE  EVOLUTION  PHILOSOPHY.  Demy  8vo, 
sewed,     is. 

SPINOZA:  Four  Essays.  By  Professors  Land,  Van  Vloten, 
and  Kuno  Fischer,  and  by  E.  Renan.  Edited  by  Professor 
Knight,  of  St  Andrews.     Crown  8vo,  cloth,     ^s. 

STUDIES  FROM  THE  YALE  PSYCHOLOGICAL 
LABORATORY.  Edited  by  Professor  E.  W.  Scripture. 
With  many  Illustrations.  8vo,  sewed.  4s.  2d.  each  net.  Vol. 
I.  1892-93,  100  pages.  Vol.  II.  1894,  124  pages.  Vol.  III. 
1895,  ^1°  pages.  Vol.  IV.  1896,  141  pages.  Vol.  V.  1897, 
105  pages.     Vol.  VI.   1898,  105  pages. 

WUNDT  (WILHELM).  OUTLINES  OF  PSYCHO- 
LOGY. Translated,  with  the  co-operation  of  the  Author,  by 
Charles  Hubbard  Judd,  Ph.D.,  Instructor  in  the  Wesleyan 
University.     2nd  Enlarged  Edition.    Demy  8vo,  cloth.     Ss.  net. 


14  Henrietta  Street,  Covent  Garden,  London,  W.C. 


WILLIAMS  &  NORGATE'S 


III.   Oriental  Languages,   Literature,  and 

History. 

ABHIDHANARATNAMALA  (THE)  OF  HALA- 
YUDHA.  A  Sanskrit  Vocabulary  (120  pp.).  Edited,  with  a 
Sanskrit-English  Glossary  (180  pp.),  by  Dr.  T.  Aufrecht.  8vo, 
cloth.     (Pubhshed  at  iSs.)     los. 

AVESTI,  PAHLAVI,  and  ANCIENT  PERSIAN 
STUDIES  in  Honour  of  the  late  SHAMS -UL- 
ULAMA    DASTUR     PESHOTANJI    BEHRAMJI 

SAN  J  AN  A,  M.  A.,  Ph.D.  Paper  cover,  12^-.  6d.  net.;  cloth, 
i^s.  6d.  net. 

BERNSTEIN  and  KIRSCH.  SYRIAC  CHRESTO- 
MATHY  AND  LEXICON  (Chrestomathia  Syriaca 
cum  Lexico).  2  vols  in  i.  8vo,  cloth  boards.  7^.  6d. 
I.  Chrestomathia,  separately.     Sewed.     3.^. 

DAVIDS  (T.  W.  RHYS).  LECTURES  ON  SOME 
POINTS  IN  THE  HISTORY  OF  INDIAN 
BUDDHISM.     See  The  Hibbert  Lectures,  p.  14. 

DELITZSCH    (Prof.    F.).      ASSYRIAN    GRAMMAR. 

With  Paradigms,  Exercises,  Glossary,  and  Bibliography.  Trans- 
lated by  the  Rev.  Prof.  A.  R.  S.  Kennedy.  Crown  8vo, 
cloth,     i^s. 

THE  HEBREW  LANGUAGE  VIEWED  IN  THE 

LIGHT  OF  ASSYRIAN  RESEARCH.  Demy  8vo, 
cloth.     4^. 

BABEL  AND  BIBLE.     See  Crown  Theological  Library, 

p.  10. 

DIETTRICH  (GUSTAV).  DIE  MASSORAH  DER 
OSTLICHEN  UND  WESTLICHEN  SYRER  IN 
IHREN  ANGABEN  ZUM  PROPHETEN  JESAIA 
nach  ftinf  Handschriften  des  British  Museum  in  Ver- 
bindung  mit  zwei  Tractaten  iiber  Accente.  Sewed. 
8s.  6d.  net. 

DiPAVAMSA  (THE) :  A  Buddhist  Historical  Record  in 
the  Pali  Language.  Edited,  with  an  English  Translation, 
by  Dr.  H.  Oldenberg.     8vo,  cloth.     21s. 

The  ' '  Dipavamsa  "  is  the  most  ancient  historical  work  of  the  Ceylonese  ; 
it  contains  an  account  of  the  ecclesiastical  history  of  the  Buddhist  Church, 
of  the  conversion  of  the  Ceylonese  to  the  Buddhist  faith,  and  of  the  ancient 
history  of  Ceylon. 
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ERMAN'S  EGYPTIAN  GRAMMAR.  Translated,  under 
Professor  Erman's  supervision,  by  J.  H.  Breasted,  Professor 
of  Egyptology  in  the  University  of  Chicago.  Crown  8vo, 
cloth.     I  Ss. 

EVANS  (GEORGE).    AN  ESSAY  ON  ASSYRIOLOGY. 

With  4to  Tables  of  Assyrian  Inscriptions.     8vo,  cloth.     5^-. 

FAIZULLAH-BHAI  (Shaikh,  B.D.).  A  MOSLEM 
PRESENT.  Part  I.,  containing  the  famous  poem  of 
Al-Busaree.  With  an  English  Version  and  Notes.    8vo,  cloth.    4s. 

AN  ESSAY  ON  THE  PRE-ISLAMITIC  ARABIC 

POETRY,  with  special  reference  to  the  Seven 
Suspended  Poems.    8vo,  sewed.    4^. 

FLINDERS  PETRIE  PAPYRI.  See  Cunningham  Memoirs, 
vols.  8,  9,  and  11,  p.  48. 

FRANKFURTER  (Dr.  O.).  HANDBOOK  OF  PALI : 
Being-  an  Elementary  Grammar,  a  Chrestomathy,  and 
a  Glossary.     8vo,  cloth.     16^. 

FUERST  (Dr.  JUL.).  HEBREW  AND  CHALDEE 
LEXICON    TO    THE    OLD    TESTAMENT.      5th 

Edition,  improved  and  enlarged.  Translated  by  Rev.  Dr. 
Samuel  Davidson.     Royal  8vo,  cloth.     21s. 

HARDY  (R.  SPENCE).  MANUAL  OF  BUDDHISM 
IN  ITS  MODERN  DEVELOPMENT.  Translated 
from  Singhalese  MSS.  2nd  Edition,  with  a  complete  Index 
and  Glossary.     8vo,  cloth.     21s. 

HEBREW  TEXTS.     Large  type.     i6mo,  cloth. 

Genesis.     (2nd  Edition.     Baer  and  Delitzsch's  Text.)     is.  6d. 
Psalms.     IS. 
Job.     IS. 
Isaiah,     is. 

KENNEDY  (Rev.  JAS.).  INTRODUCTION  TO 
BIBLICAL  HEBREW,  presenting  Graduated  In- 
struction in  the   Language  of  the  Old   Testament. 

By  James  Kennedy,  B.D.,  Acting  Librarian  in  the  New  College, 
and  one  of  the  additional  Examiners  in  Divinity  at  the  Univer- 
sity, Edinburgh.     8vo,  cloth.     12s. 

STUDIES  IN  HEBREW  SYNONYMS.    Demy  8vo. 

cloth.     5  J. 

LYALL  (C.  J.,  M.A.,  K.C.I.E.).  ANCIENT  ARABIAN 
POETRY,  CHIEFLY  PRiE-ISLAMIC.  Translations, 
with  an  Introduction  and  Notes.     Fcap.  4to,  cloth.     los.  6d. 

14  Henrietta  Street,  Covent  Garden,  London,  W.C. 
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MACHBEROTH  ITHIEL.  By  Yehuda  ben  Shelomoh 
Alcharizi.  Edited  from  the  MS.  in  the  Bodleian  Library,  by 
Thomas  Chenery,  M.A.     8vo,  cloth.     3^-. 

MILANDA  PANHO,  THE :  Being  Dialogues  between 
King-   Milanda   and   the   Buddhist   Sage   Nagasena. 

The  Pali  Text,  edited  by  V.  Trenckner.     440  pp.     8vo,  sewed. 
21s.     See  also  "Pali  Miscellany." 

MOSHEH  BEN  SHESHETH'S  COMMENTARY  ON 
JEREMIAH  AND  EZEKIEL.     Seep.  22. 

MUSS-ARNOLT  (W.).  A  CONCISE  DICTIONARY 
OF  THE  ASSYRIAN  LANGUAGE  (Assyrian- 
English — German).  By  W.  Muss-Arnolt.  To  be  completed 
in  about  ^5  parts.     Parts  I.  to  XIX.,  each  ^s.  net. 

NEW  HEBREW  SCHOOL  OF  POETS  OF  THE 
SPANISH-ARABIAN  EPOCH.  Selected  Texts,  with 
Introduction,  Notes,  and  Dictionary,  Edited  by  H.  Brody, 
Ph.D.,  Rabbi  in  Nachod  (Bohemia),  and  K.  Albrecht,  Ph.D., 
Professor  in  Oldenburg  (Grand  Duchy).  English  Translation 
of  the  Introduction,  etc.,  by  Mrs  Karl  Albrecht.  Cloth,  "js.  6d. 
net. 

NOLDEKE  (THEODOR,  Professor  of  Semitic  Lan- 
guages in  the  University  of  Strassburg).  SYRIAC 
GRAMMAR.  Translated  from  the  German  by  Rev.  James 
A.  Crichton,  D.D.     iSs.  net. 

DELECTUS    VETERUM   CARMINUM  ARABI- 

CORUM  GLOSSARIUM  CONFECIT  A.  MULLER. 

Crown  8vo,  cloth,     'js.  6d. 


NORRIS  (E.).  ASSYRIAN  DICTIONARY.  Intended  to 
further  the  Study  of  the  Cuneiform  Inscriptions  of  Assyria  and 
Babylonia.     Vols.  I.  to  III.     4to,  cloth.     Each  28^. 

OLDENBERG  (Prof.  H.).  BUDDHA:  His  Life,  his 
Doctrine,  his  Order.  By  Dr.  Hermann  Oldenberg,  Pro- 
fessor at  the  University  of  Berlin.  Translated  by  W.  Hoey, 
M.A.     8vo,  cloth  gilt.     18^. 

PALI  MISCELLANY.  By  V.  Trenckner.  Part  I.  The 
Introductory  Part  of  the  Milinda  Panho,  with  an  English 
Translation  and  Notes.     8vo,  sewed.     4.^. 

14  Henrietta  Street,  Covent  Garden,  London,  W.C. 


CATALOGUE  OF  PUBLICATIONS.  37 

PLATTS  (J.  T.).  A  GRAMMAR  OF  THE  PERSIAN 
LANGUAGE.  By  John  T.  Platts,  Hon.  M.A.  (Oxon.), 
Teacher  of  Persian  in  the  University  of  Oxford ;  late  Inspector 
of  Schools  in  the  Central  Provinces  of  India.  Part  I.  Accidence. 
Broad  crown  8vo.     10^.  dd. 

RENOUF  (P.  LE  PAGE).  LECTURES  ON  THE 
RELIGION  OF  ANCIENT  EGYPT.  See  Hibbert 
Lectures,  p.  15. 

SADI.  THE  GULISTAN  (ROSE  GARDEN)  OF 
SHAIK  SADI  OF  SHIRAZ.  A  new  Edition  of  the 
Persian  Text,  with  a  Vocabulary,  by  F.  Johnson.  Square  royal 
8vo,  cloth.     155-. 

SAYCE  (Prof.  A.  H.).  LECTURES  ON  THE  RE- 
LIGIONS OF  ANCIENT  BABYLONIA  AND 
SYRIA.     See  the  Hibbert  Lectures,  p.  15. 

SCHRADER  (E.).  THE  CUNEIFORM  INSCRIP- 
TIONS   AND     THE     OLD     TESTAMENT.       See 

Theological  Translation  Library,  Old  Series,  p.  9. 

SHIHAB  AL  DIN.  FUTUH  AL-HABASHAH ;  or, 
The  Conquest  of  Abyssinia.  By  Shinab  al  Din  Ahmad 
B.  'Abd  al  Kadir  B.  Salim  B.  'Uthman.  Edited,  from  an 
Arabic  MS.,  by  S.  Arthur  Strong.  Part  I.  8vo,  sewed. 
35.  net. 

SOCIN  (Dr.  A.).  ARABIC  GRAMMAR.  Paradigms, 
Literature,  Exercises,  and  Glossary.  2nd  Edition.  Translated 
from  the  3rd  German  Edition  by  the  Rev.  Prof.  A.  R.  S. 
Kennedy,  D.D.     Crown  Svo,  cloth.     8^.  dd. 

KEY    FOR    TRANSLATING     THE     GERMAN 

EXERCISES  IN  ABOVE  GRAMMAR.  Sewed, 
i^.  dd. 

SORENSEN  (S.,  Ph.D.),  Compiled  by.  AN  INDEX 
TO   THE    NAMES    IN    THE    MAHABHARATA. 

With  short  explanations.  Royal  4to,  in  twelve  parts,  which  are 
not  sold  separately,  at  is.  6d.  per  part  net.  Parts  I.  and  II.  now 
ready. 

STATUTES,  THE,  OF  THE  APOSTLES.  The  hitherto 
unedited  Ethiopic  and  Arabic  Texts,  with  translations  of 
Ethiopic,  Arabic,  and  Coptic  Texts,  by  G.  Horner,  M.A., 
See  p.  26. 

"  We  congratulate  Mr  Horner  on  his  learned  and  serviceable  work,  and 
could  wish  that  his  example  of  persistent  and  self-denying  labour  might 
stimulate  others  to  enter  on  this  or  kindred  fields  of  research." — Guardian. 
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TEXT  AND  TRANSLATION  SOCIETY.  Established 
for  the  purpose  of  editing  and  translating  Oriental  Texts  chiefly 
preserved  in  the  British  Museum, 

Volumes  already  issued — 

THE  SIXTH  BOOK  OF  THE  SELECT  LETTERS 
OF  SEVERUS,  PATRIARCH  OF  ANTIOCH, 
in  the  Syriac  Version  of  Athanasius  of  Nisibis. 

Edited  and  translated  by  E.  W.  Brooks,  M.A.  Vol.  I. 
Text,  Parts  I.  and  II.  Vol.  II.  Translation,  Parts  I.  and 
II.     84^-.  net. 

THE  CANONS  OF  ATHANASIUS  OF  ALEX 
ANDRIA,  in  Arabic,  Ethiopia,  and  Coptic.  Edited 
and  Translated  by  Prof.  W.  Riedel  (Griefswald)  and  W.  E. 
Crum. 

A  RABBINIC  COMMENTARY  ON  THE  BOOK 
OF  JOB,  contained  in  a  unique  MS.  at  Cambridge. 

Edited,  with  Translation  and  Commentary,  by  W.  Aldis 
Wright,  LL.D. 


TURPIE  (Dr.  D.  McC).  MANUAL  OF  THE 
CHALDEE  LANGUAGE.  Containing  Grammar  of  the 
Biblical  Chaldee  and  of  the  Targums,  and  a  Chrestomathy, 
with  a  Vocabulary.     Square  8vo,  cloth,     ^s. 

VINAYA  PITAKAM:  One  of  the  principal  Buddhist 
Holy  Scriptures.  Edited  in  Pali  by  Dr  H.  Oldenberg.  5 
vols.  Svo,  cloth.     Each  2\s. 

WALLIS  (H.  W.).  THE  COSMOLOGY  OF  THE 
RIGVEDA :  An  Essay.    8vo,  cloth.    5^. 
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IV.   Modern  Languages  and  Literature. 

A  complete  list  of  Messrs.  Williams  &=  Norgatis  Educational  Publi- 
cations on  Modern  Languages  may  be  had  on  application. 

ABBOTSFORD  SERIES  OF  THE  SCOTTISH 
POETS.  Edited  by  George  Eyre-Todd.  I.  Early  Scottish 
Poetry;  II.  Mediaeval  Scottish  Poetry;  III.  Scottish  Poetry 
of  the  Sixteenth  Century.  Price  of  each  vol.,  3^-.  dd. ;  large 
paper,  ^^s.  net.  IV.  Scottish  Ballad  Poetry,  ^s. ;  large  paper, 
half-morocco,  Roxburghe,  7^.  dd.  net.  V.  Scottish  Poetry 
of  the  Seventeenth  Century.  5^. ;  large  paper,  half-morocco, 
Roxburghe,  ']s.  6d.  net.  Vol.  VI.  Scottish  Poetry  of  the 
Eighteenth  Century.  Vol.  I.  3.y.  6d. ;  large  paper,  half- 
morocco,  Roxburghe,  ^s.  net.  Vol.  11.  cloth,  5^^. ;  large 
paper,  half-morocco,  7^".  6d.  net. 


ARMY  SERIES  OF  FRENCH  AND  GERMAN 
NOVELS.  Edited,  with  short  Notes,  by  J.  T.  W. 
Perowne,  M.A. 

This  series  is  equally  well  adapted  for  general  reading,  and  for  those 
preparing  for  the  Army,  Oxford  and  Cambridge  Certificates,  and  other 
Examinations — in  fact,  for  all  who  wish  to  keep  up  or  improve  their 
French  and  German.  The  notes  are  as  concise  as  possible,  with  an 
occasional  etymology  or  illustration  to  assist  the  memory.  The  books 
selected  being  by  recent  or  living  authors,  are  adapted  for  the  study  of 
most  modern  French  and  German. 

LE   COUP    DE    PISTOLET,    etc.      Prosper  Merimee. 
2S.  6d. 

"A  book  more  admirably  suited  to  its  purpose  could  not  be  desired. 
The  Editors  deserve  to  be  congratulated." — National  Observer. 

"The  first  two  volumes  are  an  excellent  choice,  and  we  advise  any  one, 
whether  candidate  or  lay,  to  purchase  the  volume  of  M.exmxee."— Journal  of 
Education. 

VAILLANTE.     Jacques  Vincent.     2s.  6d. 

' '  The  books  are  well  got  up,  and  in  Vaillante  an  excellent  choice  has 
been  made." —  Guardian. 

' '  The  notes  are  few  and  brief,  but  all  are  helpful.  The  story  itself  is  a 
delightful  one." — Scotsman. 

AUF    VERLORNEM    POSTEN  AND   NAZZAR- 
ENA  DANTI.     Johannes  v.  Dewall.     3^-. 

"The  two  stories  by  Johannes  v.  Dewall  are  well  suited  for  their 
purpose  ;  the  style  and  diction  are  not  too  difficult  for  those  whose  ac- 
quaintance with  German  is  not  extensive,  and  ample  explanatory  annotation 
is  provided.  — Saturday  Review. 

"Well  printed,  well  bound,  and  annotated  just  sufficiently  to  make  the 
reading  of  them  sure  as  well  as  easy. " — Educational  Times. 
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ARMY  SERIES— Continued. 
CONTES  MILITAIRES.     A.  Daudet.     2s.  Sd. 

"These  stories  are  mainly  culled  from  a  series  called  Contes  du  Lundi, 
originally  contributed  by  their  author  to  the  Figaro.  Written  at  fever  heat 
immediately  after  the  great  1870  war,  they  show  Daudet's  power  in  many 
ways  at  its  highest.  .  .  .  We  therefore  do  more  than  recommend — we 
urge  all  readers  of  French  to  get  the  stories  in  some  form,  and  the  present 
one  is  both  good  and  cheap.  The  paper  is  excellent,  and  the  type  clear  and 
bold.  ...  A  neat  map  of  Paris  will  assist  the  reader  in  following  the 
movement  of  the  stories. " —  The  Schoolmaster. 

' '  The  choice  is  an  exceptionally  good  one,  and  the  notes  are  excellent. " 
— Guardian. 

ERZAHLUNGEN.     E.  Hofer.     3^. 

' '  The  series  has  brought  fascinating  examples  of  fiction  under  the  eyes  of 
English  readers  in  a  neat  and  handy  form.  Besides  having  the  military 
flavour,  they  are  models  of  style." — Scotstnan. 

ATKINSON  (ROBERT,  M.A.,  LL.D.).  THE  PAS- 
SIONS AND  HOMILIES  FROM  LEABHAR 
BREAC.  With  an  Introductory  Lecture  on  Irish  Lexico- 
graphy. 958  pp.  Todd  Lecture  Series,  Vol.  II.  8vo,  sewed. 
Pages  1-34  out  of  print;  pages  35-958,  6s. 

BAYLDON  (Rev.  G.).     ICELANDIC  GRAMMAR.     An 

Elementary  Grammar  of  the  Old  Norse  or  Icelandic  Language. 
8vo,  cloth.     ']s.  6d. 

BOiELLE  (JAS.).  FRENCH  COMPOSITION 
THROUGH     LORD     MACAULAY'S     ENGLISH. 

Edited,  with  Notes,  Hints,  and  Introduction,  by  the  late  James 
Boielle,  B.A.  (Univ.  Gall.),  Ofificier  d'Academie,  Senior  French 
Master,  Dulwich  College,  etc.  etc.  Crown  8vo,  cloth.  Vol.  I. 
Frederick  the  Great.  3^.  Vol.  II.  Warren  Hastings.  3^. 
Vol.  III.  Lord  Clive.  35-. 
See  Victor  Hugo,  "  Les  Miserables  "  and  "  Notre  Dame." 

BOOK  OF  BALLYMOTE  (THE).  A  Collection  of  Pieces  in 
the  Irish  Language,  dating  from  the  end  of  the  Fourteenth  Century. 
Nowpublished  in  Photo-Lithographyfrora  theOriginal  Manuscript 
in  the  Library  of  the  Royal  Irish  Academy.  With  Introduction, 
Analysis  of  Contents,  and  Index,  by  Robert  Atkinson,  M.A., 
LL.D.,  Professor  of  Sanskrit  and  Comparative  Philology  in  the 
University  of  Dublin ;  Secretary  of  Council,  Royal  Irish  Academy. 
The  Book  of  Ballymote  contains  numerous  articles  of  interest  to  the 
scholar  and  to  the  antiquary.  The  original  portion  consists  of — Genea- 
logical Lists  ;  Histories  and  Legends  ;  a  fragment  of  the  Brehon  Laws  ;  a 
copy  of  the  Dindsefichas  ;  Treatise  on  Grammatical  Topics,  etc.  The  other 
portion  contains  translations  from  Latin  originals  :  the  Destruction  of  Troy, 
the  Wandering  of  Ulysses,  the  Story  of  the  ^neid,  and  the  Life  of  Alexander 
the  Great. 

In  imperial  folio,  reproduced  by  Photo-Lithography.  Half- 
morocco,  Roxburghe,  cloth  sides.  ^^5,  ^s.  (200  copies  only 
printed). 
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BOOK  OF  LEINSTER  (THE),  sometime  called  The 
Book  of  Glendalough.  A  Collection  of  Pieces  in  the 
Irish  Language,  compiled  in  part  about  the  middle  of 
the  Twelfth  Century.  From  the  original  MS.  in  Trinity 
College,  Dublin.  With  Introduction,  Analysis  of  Contents, 
and  Index,  by  Robert  Atkinson,  M.A.,  LL.D.,  Professor  of 
Sanskrit  and  Comparative  Philology  in  the  University  of 
Dublin ;  Secretary  of  Council,  Royal  Irish  Academy.  In 
imperial  folio,  on  toned  paper,  with  a  Photograph  of  a  page 
of  the  Original.  Half-roan,  Roxburghe,  cloth  sides.  ^6,  6s. 
(200  copies  only  printed). 

DELBOS  (L.).  NAUTICAL  TERMS  IN  ENGLISH 
AND  FRENCH  AND  FRENCH  AND  ENGLISH. 

With  Notes  and  Tables.  For  the  use  of  Naval  Officers 
and  Naval  Cadets.  By  Leon  Delbos,  M.A.,  of  H.M.S. 
Britannia,  Dartmouth.  4th  Edition,  thoroughly  revised  and 
considerably  enlarged,  with  additional  Plates.  Crown  8vo, 
cloth.     7^.  dd.  net. 

EUGENE'S  STUDENT'S  COMPARATIVE  GRAM- 
MAR OF  THE  FRENCH  LANGUAGE,  with  an 
Historical  Sketch  of  the  Formation  of  French.     For 

the  use  of  Public  Schools.  With  Exercises.  By  G.  Eugene- 
Fasnacht,  late  French  Master,  Westminster  School.  22nd 
Edition,  thoroughly  revised.  Square  crown  8vo,  cloth,  ^s. ;  or 
separately.  Grammar,  35-. ;  Exercises,  2s.  6d. 

GOETHE  (W.  v.).  ANNOTATED  TEXTS.  See  Educa- 
tional Catalogue. 

HOGAN   (E.).    CATH   RUIS  NA  RIG  FOR   BOINN. 

With  Preface,  Translation,  and  Indices;  also  a  Treatise  on 
Irish  Neuter  Substantives,  and  a  Supplement  to  the  Index 
Vocabulorum  of  Zeuss's  "  Grammatica  Celtica."  Todd  Lecture 
Series,  Vol.  IV.     8vo,  sewed.     3.^.  6d. 

THE    LATIN     LIVES    OF    THE    SAINTS    AS 

AIDS  TOWARDS  THE  TRANSLATION  OF 
IRISH  TEXTS  AND  THE  PRODUCTION  OF 
AN  IRISH  DICTIONARY.  By  Edmund  Hogan,  S.J., 
F.R.U.I.,  M.R.I.A.,  Royal  Irish  Academy's  Todd  Professor  of 
Celtic  Languages.     Todd  Lecture  Series,  Vol.  V.     2s.  6d. 

THE  IRISH  NENNIUS  FROM  L.  NA  HUIDRE, 

AND  HOMILIES  AND  LEGENDS  FROM  L. 
BREAC.  Alphabetical  Index  of  Irish  Neuter  Substantives. 
Todd  Lecture  Series,  Vol.  VI.     2s.  6d. 

HUGO  (VICTOR).  LES  MIS^RABLES :  Les  Prin- 
cipaux  Episodes.  Edited,  with  Life  and  Notes,  by  the  late  J. 
Boielle.    2  vols.    6th  Edition.    Crown  Bvo,  cloth.    Each  35-.  6d. 

14  Henrietta  Street,  Covent  Garden,  London,  W.C. 


42  WILLIAMS  &  NORGATE'S 


HUGO     (VICTOR).      NOTRE     DAME     DE     PARIS. 

Adapted   for  the  use  of  Schools  and  Colleges.     By  the  late 
J.  Boielle.     2  vols.    2nd  Edition.     Crown  8vo,  cloth.    Each  35. 

LEABHAR  BREAC.  The  "  Speckled  Book,"  otherwise  styled, 
"  The  Great  Book  of  Dun  Doighre  "  :  a  Collection  of  Pieces  in 
Irish  and  Latin,  transcribed  towards  the  close  of  the  Fourteenth 
Century.  "  The  oldest  and  best  Irish  MS.  relating  to  Church 
History  now  preserved "  {G.  Petrie).  Now  first  published, 
from  the  original  MS.  in  the  Royal  Irish  Academy's  Library. 
In  imperial  folio,  on  toned  paper.  In  one  vol.,  half-calf,  ^4,  45-. 
(200  copies  only  printed.) 

LEABHAR  NA  H-UIDHRI.  A  Collection  of  Pieces  in  Prose 
and  Verse,  in  the  Irish  Language,  transcribed  about  a.d.  iioo; 
the  oldest  volume  now  known  entirely  in  the  Irish  language, 
and  one  of  the  chief  surviving  native  literary  monuments — not 
ecclesiastical — of  ancient  Ireland;  now  for  the  first  time  pub- 
lished, from  the  original  in  the  Library  of  the  Royal  Irish 
Academy,  with  account  of  the  Manuscript,  description  of  its 
contents,  index,  and  facsimiles  in  colours.  In  folio,  on  toned 
paper,  half-calf.     ;^3,  3^.     (200  copies  only  printed.) 

LILJA  (The  Lily).  An  Icelandic  Religious  Poem.  By  Eystein 
Asgrimson.  Edited,  with  Translation,  Notes,  and  Glossary,  by 
E.  Magnusson.     Crown  8vo,  cloth  extra.     10^.  6^. 

LODGE  (Sir  O.).  SCHOOL  TEACHING  AND 
SCHOOL  REFORM.  A  Course  of  Four  Lectures  on 
School  Curricula  and  Methods,  delivered  to  Secondary 
Teachers  in  Training  at  Birmingham  during  February   1905. 

"The  work  of  a  sensible  iconoclast,  who  does  not  pull  down  for  the 
sake  of  mere  destruction,  but  is  anxious  to  set  up  something  more  worthy  in 
place  of  the  medisevalism  he  attacks." — Outlook. 

"  Let  me  commend  this  wise  volume  not  only  to  teachers  but  to  all  con- 
cerned in  national  education.  And  especially  to  the  politician.  Half  an  hour 
with  Sir  Oliver  Lodge  would  make  him  realise  that  there  are  problems  on  the 
inner  side  of  the  school  door  not  dreamt  of  in  his  philosophy — would  make 
him  feel  that  the  more  he  knows  of  these  the  better  will  he  be  able  wisely  to 
handle  those  others  about  which  he  is  glibly  talking  every  day." — Dr 
Macnamara  in  the  Daily  Chronicle. 

MAORI.  NEW  AND  COMPLETE  MANUAL  OF 
MAORI  CONVERSATIONS.  Containing  Phrases  and 
Dialogues  on  a  variety  of  Topics,  together  with  a  few  general 
rules  of  Grammar,  and  a  comprehensive  Vocabulary.  45-.  net. 
See  also  Williams. 

NIBELUNGENLIED.  "  The  Fall  of  the  Nibelungens,"  other- 
wise "The  Book  of  Kriemhild."  An  English  Translation  by 
W.  N.  Lettsom.     4th  Edition.     8vo,  cloth,     5^. 
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O'GRADY  (STANDISH   H.).     SILVA  GADELICA  (L- 

XXXI.).  A  Collection  of  Tales  in  Irish,  with  Extracts  illus- 
trating Persons  and  Places.  Edited  from  MSS.  and  translated. 
2  vols.  Royal  8vo,  cloth.  42s.  Or  separately,  Vol.  I.,  Irish 
Text;  and  Vol.  II.,  Translation  and  Notes.     Each  vol.  21s. 

OORDT  (J.  F.  VAN,  B.A.).  CAPE  DUTCH.  Phrases 
and  Dialogues,  with  Translations,  preceded  by  short  Grammatical 
Notes.     Crown  8vo,  cloth.     2s.  6d.  net. 

PHILLIPPS  (V.,  B.A.).  A  SHORT  SKETCH  OF 
GERMAN  LITERATURE,  for  Schools.  By  Vivian 
Phillipps,  B.A.,  Assistant  Master  at  Fettes  College,  Edinburgh. 
2nd  Edition,  revised.     Pott  8vo,  cloth,     is. 

ROGET  (F.  F.).  AN  INTRODUCTION  TO  OLD 
FRENCH.  History,  Grammar,  Chrestomathy,  and  Glossary. 
2nd  Edition.     Crown  8vo,  cloth.     6^. 

FIRST     STEPS     IN     FRENCH     HISTORY, 

LITERATURE,  AND  PHILOLOGY.  For  Candi- 
dates for  the  Scotch  Leaving  Certificate  Examinations, 
the  various  Universities  Local  Examinations,  and  the  Army 
Examinations.     4th  Edition.     Crown  8vo,  cloth,     ^s. 


See  also  Voltaire. 

ROSING    (S.).      ENGLISH-DANISH    DICTIONARY. 

New  Edition.     Large  8vo,  strongly  bound,  half-roan.     iis.  6d. 

SCHILLER  (F.  VON).  THE  BALLADS  AND 
SHORTER  POEMS.  Translated  into  English  Verse 
by  "Gilbert  Clark.     Fcap.  8vo,  cloth.     55-. 

ANNOTATED  TEXTS.     See  Educational  Catalogue. 

STOKES  (WHITLEY).      OLD  IRISH  GLOSSARIES. 

Cormac's  Glossary.  O'Davoran's  Glossary.  A  Glossary  to  the 
Calendar  of  Oingus  the  Culdee.  Edited,  with  an  Introduction 
and  Index.     8vo,  cloth.     10^.  6d. 

THE   CREATION   OF  THE  WORLD.     A  Mystery 

in  Ancient  Cornish.  Edited,  with  Translations  and  Notes. 
8vo,  cloth.     6s. 

ON  THE  FELIRE  OF  CENGUS.      Vol.    I.    Part    i. 

Trans.  R.I.A.'s  Irish  MSS.  Series.     4to,  sewed.     6^. 

THE  LIFE  OF  ST.  MERIASEK.     A  Cornish  Drama. 

Edited,  with  Translation  and  Notes.  Royal  8vo.  One  8vo 
facsimile.     Cloth.     5^. 
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STOKES  (WHITLEY).  BRETON  GLOSSES  AT 
ORLEANS.     Edited  by  W.  Stokes.     8vo,  sewed,     is. 

OLD  IRISH  GLOSSES  AT  WUERZBURG  AND 

CARLSRUHE.    Edited  by  W.  Stokes.    8vo,  sewed.     3i-.  6d. 

SULLIVAN  (W.  K.).  CELTIC  STUDIES  FROM 
THE  GERMAN  OF  EBEL.  With  an  Introduction  on 
the  Roots,  Stems,  and  Derivatives,  and  on  Case-endings  of 
Nouns  in  the  Indo-European  Languages.     8vo,  cloth.     los. 

TODD  LECTURE  SERIES  (Royal  Irish  Academy)— 

Vol.  I.  Part  I.  MESCA  ULAD  ;  or,  The  Intoxications  of  the 
Ultonians.  Irish  Text,  with  Translation  and  Notes,  by  W.  M.  Hennesy. 
8vo,  sewed,     is.  6d. 

Vol.  IL  LEABHAR  BREAC,  PASSIONS  AND  HOMILIES 

FROM.  Irish  Text,  Translation,  and  Glossary,  with  Lecture  on  Irish 
Lexicography,  by  Dr.  R.  Atkinson.  8vo,  cloth.  Part  i,  pages  1-34,  out 
of  print.     Part  2,  pages  35-958,  6s. 

Vol.  IIL  THE  CODEX  PALATINO-VATICANUS.  No.  830. 
Texts,  Translations,  and  Indices,  by  B.  MacCarthy,  D.D.  8vo,  sewed. 
2s.  6d. 

Vol.  IV.  CATH  RUIS  NA  RIG  FOR  BOINN.  With  Preface, 
Translation,  Indices,  a  Treatise  on  Irish  Neuter  Substantives,  and  a  Supple- 
ment to  the  Index  Vocabulorum  of  Zeuss's  "  Grammatica  Celtica."  By  E. 
Hogan.     8vo,  sewed.     3^.  6d. 

Vol.  V.  THE  LATIN  LIVES  OF  THE  SAINTS  AS  AIDS 
TOWARDS  THE  TRANSLATION  OF  IRISH  TEXTS  AND 
THE    PRODUCTION     OF    AN    IRISH    DICTIONARY.      By 

Edmund  Hogan,  S.J.,  F.R.U.I.,  M.R.I. A.,  Royal  Irish  Academy's  Todd 
Professor  of  the  Celtic  Languages.     Zs.  6d. 

Vol.  VI.  THE  IRISH  NENNIUS  FROM  L.  NA  HUIDRE, 
AND  HOMILIES  AND  LEGENDS  FROM  L.  BREAC.  Alpha- 
betical Index  of  Irish  Neuter  Substantives.  By  Edmund  Hogan,  S.J., 
F.R.U.I.,  M.R.I. A.,  Royal  Irish  Academy's  Todd  Professor  of  the  Celtic 
Languages.     2s.  6d. 

VELASQUEZ.     LARGER  SPANISH  DICTIONARY. 

Composed  from  the  Dictionaries  of  the  Spanish  Academy, 
Terreros  and  Salva.  Spanish-English  and  English-Spanish. 
1279  pp.,  triple  columns.     2  vols,  in  i.     Imp.  8vo,  cloth.     2^s. 

VIGA  GLUMS  SAGA.  Translated  from  the  Icelandic,  with 
Notes  and  an  Introduction,  by  Sir  Edmund  Head,  Bart.  Fcap. 
8vo,  cloth.     5^. 

WEISSE  (T.  H.).  SYSTEMATIC  CONVERSA- 
TIONAL EXERCISES  FOR  TRANSLATING 
INTO   GERMAN,  adapted  to  his  Grammar.     New 

Edition.     Crown  8vo,  cloth.     (Key,  5.^.)     3^".  6d. 
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WEISSE  (T.  H.).  A  SHORT  GUIDE  TO  GERMAN 
IDIOMS  :  being  a  Collection  of  the  Idioms  most  in 
use.     With  Examination  Papers.     3rd  Edition.     Cloth.     2s. 

WERNER'S  ELEMENTARY  LESSONS  IN  CAPE 
DUTCH  (AFRIKANDER  TAAL).  By  A.  Werner  and 
G.  Hunt.     i6mo,  cloth,     is.  6d. 

"  We  most  cordially  recommend  this  book  to  anyone  going  out  to  settle 
in  South  Africa.  .  .  .  The  dialogues  and  exercises  are  admirably  planned." 
— Reformer. 

"  To  those  outward  bound  such  a  book  is  sure  to  be  useful." — Practical 
Teacher. 

WILLIAMS  (The  Right  Rev.  W.  L.,  D.C.L.).  A 
DICTIONARY  OF  THE  NEW  ZEALAND 
LANGUAGE.  4th  Edition.  Edited  by  the  Right  Rev. 
Bishop  W.  L.  WiUiams,  with  numerous  additions  and  corrections. 
Demy  8vo,  cloth.     \2S.  6d. 

LESSONS    IN    MAORI.       3rd    Edition.      Fcap.    8vo, 

cloth.      3^-. 

YELLOW  BOOK  OF  LECAN.  A  Collection  of  Pieces 
(Prose  and  Verse)  in  the  Irish  Language,  in  part  compiled  at 
the  end  of  the  Fourteenth  Century ;  now  for  the  first  time 
published  from  the  original  Manuscript  in  the  Library  of  Trinity 
College,  Dublin,  by  the  Royal  Irish  Academy.  With  Introduc- 
tion, Analysis  of  Contents,  and  Index,  by  Robert  Atkinson. 
30  and  468  pp.  (Royal  Irish  Academy's  Irish  facsimiles.) 
Large    post    folio,    1896,    half- roan,    Roxburghe,    cloth    sides. 

£a,  as- 

ZOEGA  (G.  T.).  ENGLISH-ICELANDIC  DICTION- 
ARY.    8vo,  cloth.     6s.  net. 

ZOMPOLIDES  (Dr.  D.).  A  COURSE  OF  MODERN 
GREEK;  or,  The  Greek  Language  of  the  Present 

Day.     I.  The  Elementary  Method.     Crown  8vo,  cloth.     55. 
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V.   Science. 

MEDICINE— CHEMISTRY— BOTANY— ZOOLOGY- 
MATHEMATICS. 

ABRAHAM  (P.  S.).  LEPROSY:  A  Review  of  some 
Facts  and  Figures.     8vo.     is. 

ANNETT (H. E., M.D.,  D.P.H.),  J.  EVERETT  DUTTON, 
M.B.,  B.Ch.,  and  J.  H.  ELLIOTT,  M.D.,  Toronto. 
REPORT  OF  THE  MALARIA  EXPEDITION  TO 
NIGERIA  (1900).  Part  I.  Malarial  Fever,  etc.  (Liverpool 
School  of  Tropical  Medicine,  Memoir  III.).  io.f.  6d.  Part  II. 
Filariasis  (Liverpool  School  of  Tropical  Medicine,  Memoir  IV.). 
Out  of  print  separately,  but  is  contained  in  the  Thompson-  Yates 
Laboratory  Reports,   Vol.  IV ,  Part  I.     Price  20s. 

BASTIAN  (H.  CHARLTON,  M.A.,  M.D.,  F.R.S.). 
STUDIES  IN  HETEROGENESIS.  With  825  Illus- 
trations from  Photomicrographs.      Royal  Svo,  cloth.     315-.   dd. 

BENTHAM  and  HOOKER.  GENERA  PLANTARUM 
AD  EXEMPLARIA  IMPRIMIS  IN  HERBARIIS 
KEWENSIBUS  SERVATA  DEFINITA.  Auctoribus 
G.  Bentham  et  J.  D.  Hooker.  3  vols.,  ;^8,  2s.  Vol.  I. 
(not  separate).  Vol.  II.,  ^^s.  Vol.  III.  (Parts  i  and  2),  56^-. ; 
or  separately,  Part  i,  24.^.;  Part  2,  325-. 

BERGMANN  (Prof.  E.  von,  M.D.).  A  SYSTEM  OF 
PRACTICAL  SURGERY.  Edited  by  William  T.  Bull, 
M.D.  In  five  Imperial  8vo  volumes,  containing  4174  pages, 
with  1976  illustrations  in  the  text  and  102  superb  full-page 
plates  in  colours  and  monochrome.  Extra  cloth,  ^^6,  6^^. ;  half 
leather,  marble  sides  and  edges,  ;^7,  7^^. ;  half  morocco,  jQZ,  8^-. 

"  We  regard  it  as  a  valuable  exposition  of  modern  surgery.  The  main 
characteristics  of  the  system  are  the  fulness  with  which  the  subjects  are 
treated  and  the  wealth  of  illustrations.  Many  of  these  are  in  colours,  and 
are  very  successful  examples  of  colour-printing.  The  vast  majority  of  the 
articles  are  very  good,  but  we  desire  especially  to  praise  those  on  Injuries  of 
the  Head  and  Diseases  of  the  Breast." — Lancet. 

BERZELIUS  (JONS  JAKOB)  and  SCHCENBEIN 
(CHRISTIAN  FREDERICK).  LETTERS,  1836- 
1847.  Edited  by  George  W.  A.  Kahlbaum.  Translated  by 
Francis  V.  Darbishire  and  N.  V.  Sidgwick.     Crown  8vo,  cloth. 

BOGHURST  (W.).  LOIMOGRAPHIA.  An  Account  of 
the  Great  Plague  of  London  in  the  year  1665.  By  William 
Boghurst,  Apothecary.  Now  first  printed  from  the  B.M.  Sloane 
MS.  349,  and  edited  by  Joseph  Frank  Payne,  M.D.  8vo,  cloth. 
5x.  net. 
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BOYCE  (RUPERT,  M.B.,  F.R.S.).  THE  ANTI- 
MALARIA  MEASURES  AT  ISMAILIA.  (Liverpool 
School  of  Tropical  Medicine,  Memoir  XII.)     Price  js. 

BRUCE  (ALEX.,  M.A.,  M.D.,  F.R.C.P.E.,  F.R.S.E.). 
A  TOPOGRAPHICAL  ATLAS  OF  THE  SPINAL 

CORD.     Fcap,  folio,  half-leather.     ;^2,  2s.  net. 

BRUHNS.  A  NEW  MANUAL  OF  LOGARITHMS 
TO  SEVEN  PLACES  OF  DECIMALS.  Royal  8vo. 
Stereotyped.     Cloth.     55-.  6d. 

CATON  (R.,  M.D.,  F.R.C.P.,  J.P.).      HOW  TO   LIVE. 

A  Simple  Manual  of  Hygiene  for  the  Older  Pupils  in  Primary 
Schools.     3^. 

CAVERHILL  (T.  F.  S.,  M.B.,  F.R.C.P.  Ed.,  Surgeon- 
Major,  The  Lothians  and  Berwickshire  Yeomanry 
Cavalry).  SELF-AID  IN  WAR.  With  Practical  Hints 
for  Cavalry  Wounded.  With  Illustrations  and  Diagrams. 
Small  8vo.     is.  net. 

CHAPMAN    (E.  J.,   Ph.D.).      MINERAL    SYSTEMS. 

With  Outline  of  an   attempted  Classification  of  Minerals   in 
Natural  Groups.     Crown  8vo,  cloth.     2s.  6d. 

CHURCH  (A.  H.).  ON  THE  RELATION  OF  PHYL- 
LOTAXIS  TO  MECHANICAL  LAWS.  Part  I.  Con- 
struction by  Orthogonal  Trajectories,  illustrated  with  35  Figures. 
Large  Svo.  3^'.  6d.  Part  II.  Assymmetry  and  Symmetry,  with 
60  Illustrations.  Large  Svo.  5^.  Part  III.  Secondary  Growth 
Phenomena,  with  34  Illustrations,  ^s.  Parts  I.,  II.,  and  III. 
bound,  cloth,  15^. 

CLELAND,  MACKAY,  YOUNG  (Professors).  ME 
MOIRS    AND     MEMORANDA    OF    ANATOMY. 

Vol.  I.     16  Plates.     Svo,  cloth,     js.  6d. 

COOKE  (M.  C).  MYCOGRAPHIA  SEU  ICONES 
FUNGORUM.  Figures  of  Fungi  from  all  parts  of  the 
World.  Vol.  I.  (in  6  Parts,  each  125.  6d.).  406  coloured 
Plates.     Royal  Svo,  cloth.     80s. 

- — ILLUSTRATIONS  OF  BRITISH  FUNGI 
(HYMENOMYCETES).  Plates.  Royal  Svo.  8s.  In 
8  vols.  1 1 98  coloured  Plates.  Royal  Svo,  cloth  gilt. 
;^3o,  5.y.  6d. 


-  BRITISH  DESMIDS.     A  Supplement  to  "British  Fresh- 
water Algse."     66  coloured  Plates.     Svo,  cloth.     52^^.  6d. 
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COOKE  (M.  C).  HANDBOOK  OF  AUSTRALIAN 
FUNGI.     With  36  Plates.     8vo,  cloth.     £2. 

See  also  "  Grevillea." 

CUNNINGHAM   MEMOIRS— 

1.  CUBIC  TRANSFORMATIONS.  By  John  Casey,  LL.D. 
4to,  sewed.     2s.  6d. 

2.  ON  THE  LUMBAR  CURVE  IN  MAN  AND  THE 
APES.     By  D.  J.  Cunningham,  M.D.     13  Plates.     4to,  sewed.     5^-. 

3.  NEW  RESEARCHES  ON  SUN-HEAT,  TERRES- 
TRIAL RADIATION,  Etc.  By  Rev.  Samuel  Ilaughton,  M.A.,  M.D. 
9  Plates.     4to,  sewed,     i^.  6d. 

4.  DYNAMICS  AND  MODERN  GEOMETRY.  A  New  Chapter 
in  the  Theory  of  Screws.     By  Sir  Robert  S.  Ball,  LL.D.     4to,  sewed.     2s. 

5.  THE  RED  STARS.  Observations  and  Catalogue.  New 
Edition,     Edited  by  Rev.  T.  Espin,  M.A.     4to,  sewed.     3J-.  6d. 

6.  ON  THE  MORPHOLOGY  OF  THE  DUCK  TRIBE 
AND  THE  AUK  TRIBE.  By  W.  K.  Parker,  F.R.S.  9  Plates.  4to, 
sewed.     3^.  6d, 

7.  CONTRIBUTION  TO  THE  SURFACE  ANATOMY  OF 
THE  CEREBRAL  HEMISPHERES.  By  D.  J.  Cunningham, 
M.D.  With  a  Chapter  upon  Cranio-Cerebral  Topography  by  Victor  Horsley, 
M.B.,  F.R.S.     4to,  sewed.     85.  6d. 

9.  ON  THE  FLINDERS  PETRIE  PAPYRI.  Part  XL  With 
18  Autotypes,     4to,  sewed.     42J'.  net.     Appendix  to  8  and  9.     51.  net. 

10.  THE  DECORATIVE  ART  OF  BRITISH  NEW 
GUINEA.  A  Study  in  Papuan  Ethnography.  By  Alfred  C.  Haddon,  M.A. 
With  12  Plates,  and  numerous  other  Illustrations.     4to,  sewed.     145.  net. 

11.  ON  THE  FLINDERS  PETRIE  PAPYRI.  With  Tran- 
scriptions, Commentaries,  and  Index.  By  John  P.  Mahaffy,  D.D.,  and 
Prof.  J.  Gilbert  Smyly.     With  7  Autotypes.     4to,  sewed.     ^2s.  net. 

DITTMAR  (Prof.  W.).     CHEMICAL   ARITHMETIC. 

Part  I.    A  Collection  of  Tables,  Mathematical,  Chemical,  and 
Physical,  for  the  use  of  Chemists,  etc.     8vo,  cloth.     6s.  net. 

EXERCISES  IN  QUANTITATIVE  CHEMICAL 

ANALYSIS,  with  a  short  Treatise  on  Gas  Analysis. 

8vo,  cloth.      I  ox.  6d. 

DURHAM  (H.  E.,  M.A.,  M.B.,  F.R.C.S.),  and  the  late 
WALTER  MYERS,  M.B.  REPORT  OF  THE 
YELLOW    FEVER     EXPEDITION     TO     PARA 

(1900).     (Liverpool  School  of  Tropical  Medicine,  Memoir  VII.) 
4to.      'js.  6d. 

DUTTON  (J.  E.,  M.B.,  Ch.B.).  REPORT  OF  THE 
MALARIA  EXPEDITION  TO  THE  GAMBIA. 

(Liverpool  School    of   Tropical    Medicine,  Memoir  X.)      4to. 
loi'.  6d.  net. 
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BUTTON  (J.  E.,  M.B.,  Ch.B.),  and  JOHN  L.  TODD, 
B.A.,  M.D.,  CM.,  M'Gill.  FIRST  REPORT  OF 
THE  TRYPANOSOMIASIS  EXPEDITION  TO 
SENEGAMBIA  (1902).  (Liverpool  School  of  Tropical 
Medicine,  Memoir  XI.)     4to.     lo^-.  6^.  net. 

FARADAY  and  SCHGENBEIN,  LETTERS  OF,  1836- 
1862.  With  Notes,  Comments,  and  References  to  Contem- 
porary Letters.  Edited  by  Georg  W.  A.  Kahlbaum  and  Francis 
V.  Darbishire,  with  Portraits  of  Faraday  and  Schcenbein  in 
Photogravure.     Demy  8vo,  cloth,     i^s.  net. 

FASCICULI  MALAYENSES.  Anthropological  and  Zoo- 
logical Results  of  an  Expedition  to  Perak  and  the  Siamese 
Malay  States,  1 901-1902,  undertaken  by  Nelson  Annandale 
and  Herbert  C.  Robinson.  4to.  Now  ready.  Anthropology, 
Part  I.,  15s.  Part  Ha.,  los.  net.  Zoology,  Vol.  I.,  Parts  I.,  II., 
III.,  and  Appendix,  ^2s.     Supplement  (Itinerary),  ^s. 

GREVILLEA :  A  Record  of  Cryptogamic  Botany  and 
its  Literature.  Edited  by  M.  C.  Cooke.  Parts.  8vo.  Each 
i.f.  6d.  Plates.  Vols.  I.-XVIII.  In  9  vols.  Cloth  (each 
14s.).     £6,  6s. 

HARNACK    (AXEL).      INTRODUCTION    TO  THE 

ELEMENTS    OF   THE    DIFFERENTIAL  AND 

INTEGRAL  CALCULUS.     From  the  German.  Royal 
8vo,  cloth.     loi'.  6d. 

HERBERT  (AUBERON)  and  HAROLD  WAGER. 
BAD  AIR  AND  BAD  HEALTH.  Crown  Bvo,  sewed, 
IS. ;  cloth,  IS.  6d. 

HOFF-  (J.  H.  VAN'T).  STUDIES  IN  CHEMICAL 
DYNAMICS.  Revised  and  enlarged  by  Dr.  Ernst  Cohen, 
Assistant  in  the  Chemical  Laboratory  of  the  University  of 
Amsterdam.  Translated  by  Thomas  Ewan,  M.Sc,  Ph.D., 
Demonstrator  of  Chemistry  in  the  Yorkshire  College,  Leeds. 
Royal  8vo,  cloth.     10^.  6d. 

JAEGER  (GUSTAV,  M.D.).  PROBLEMS  OF 
NATURE.  Selected,  edited,  and  translated  by  H.  G. 
Schlichter,  D.Sc,  with  a  Facsimile  of  a  Letter  from  Charles 
Darwin  to  the  Author.     Demy  8vo,  cloth.     4s. 

JOHNSTONE  (J.).  BRITISH  FISHERIES:  Their 
Administration  and  their  Problems.  A  Short  Account 
of  the  Origin  and  Growth  of  British  Sea  Fishery  Authorities  and 
Regulations.      loi'.  6d.  net. 

JOURNAL  OF  THE  FEDERATED  MALAY  STATES 
MUSEUMS.  Issued  quarterly.  Single  numbers,  \s.  Gd. 
net.     Subscription,  55-.  per  annum. 

14  Henrietta  Street,  Covent  Garden,  London,  W.C. 


50  WILLIAMS  &  NORGATE'S 


JOURNAL  OF  THE  LINNEAN  SOCIETY.     Botany. 

At  various  prices.  Index  to  Journal  (Botany),  205'.  Zoology. 
At  various  prices.  General  Index  to  the  first  20  vols,  of  the  Journal 
(Zoology)  and  the  Zoological  portion  of  the  Proceedings,  20.5'. 

JOURNAL  OF  THE  ROYAL  MICROSCOPICAL 
SOCIETY,  containing  its  Transactions  and  Proceedings, 
with  other  Microscopical  Information.  Bi-monthly.  Previous  to 
1893  at  various  prices;  after  that  date  bi-monthly,  each  6s.  net. 

JOURNAL  OF  THE  QUEKETT  MICROSCOPICAL 
CLUB.  Nos.  1-26,  i^'.  net.;  Nos.  27-31,  2s.  6d.  net.  1893, 
No.  32,  and  following  Nos.,  half-yearly,  3^.  6d.  net. 

LIVERPOOL  MARINE  BIOLOGY  COMMITTEE. 
MEMOIRS  ON  TYPICAL  BRITISH  MARINE 
PLANTS  AND  ANIMALS.  Edited  by  W.  A.  Herdman, 
D.Sc,  F.R.S.     All  demy  8vo,  stiff  boards. 

1.  ASCIDIA.     By  W.  A.  Herdman.     With  5  Plates.     Price  2s.  net. 

2.  CARDIUM.  By  J.  Johnstone,  Fisheries  Assistant,  University 
College,  Liverpool.     With  7  Plates.     Price  2s.  6d.  net. 

3.  ECHINUS.  By  Herbert  Clifton  Chadwick,  Curator  of  the  Port 
Erin  Biological  Station.     With  5  Plates.     Price  2s.  net. 

4.  CODIUM.  ByR.  J.  Harvey  Gibson,  M.A.,  F.L.S.,  Professor  of 
Botany  in  University  College,  Liverpool,  and  Helen  P.  Auld,  B.Sc.  With 
3  Plates..    Price  is.  6d.  net. 

5.  ALCYONIUM.  By  Sydney  J.  Hickson,  M.A.,  D.Sc,  F.R.S., 
Beyer  Professor  of  Zoology  in  Owens  College,  Manchester.  With  3  Plates. 
Price  Is.  6d.  net. 

6.  LEPEOPHTHEIRUS  AND  LERNEA.  By  Andrew  Scott, 
Resident  Fisheries  Assistant  at  the  Peel  Hatchery.     With  5  Plates.     2s.  net. 

7.  LINEUS.     By  R.  C.  Punnett,  B.A.     With  4  Plates.     2s.  net. 

8.  PLEURONECTES.  By  Frank  J.  Cole,  Jesus  College,  Oxford, 
Lecturer  in  the  Victoria  University,  Demonstrator  of  Zoology,  University, 
Liverpool,  and  James  Johnstone,  B.Sc.  Loud.,  Fisheries  Assistant,  University, 
Liverpool.     With  11  Plates.     7^'.  net. 

9.  CHONDRUS.  By  Otto  V.  Darbishire,  Owens  College,  Manchester. 
With  7  Plates.     2s.  6d.  net. 

10.  PATELLA  (the  Common  Limpet).  By  J.  R.  Ainsworth 
Davis,  M.A.,  Professor  of  Zoology  in  the  University  College  of  Wales, 
Aberystwyth,  and  H.  J.  Fleure,  B.Sc,  Fellow  of  the  University  of  Wales. 
With  4  Plates.     2s.  6d.  net. 

11.  ARENICOLA  (the  Lug- Worm).  By  J.  H.  Ashworth,  D.Sc, 
Lecturer  in  Invertebrate  Zoology  in  the  University  of  Edinburgh.  With 
8  Plates.     Price  45.  6/i.  net. 

12.  GAMMARUS.     By  Margaret   Cussans,   B.Sc,   Zoological   De- 
partment, University  of  Liverpool.     With  4  plates.     2s.  net. 

LIVERPOOL  MARINE  BIOLOGY  COMMITTEE. 
FIFTH  REPORT  UPON  THE  FAUNA  OF 
LIVERPOOL  BAY  AND  THE  NEIGHBOURING 
SEAS.  Written  by  the  Members  of  the  Liverpool  Marine 
Biology  Committee  and  other  Naturalists ;  and  edited  by  W.  A. 
Herdman,  D.Sc,  F.R.S. ,  Professor  of  Natural  History,  the 
University,  Liverpool.     Demy  8vo,  cloth.     1 2  Plates.     2,s.  6d.  net. 
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MEMOIRS  OF  THE  LIVERPOOL  SCHOOL  OF 
TROPICAL  MEDICINE— 

I.  ROSS  (R.).  MALARIAL  FEVER:  Its  Cause,  Prevention, 
and  Treatment.     8vo.     2s.  6d. 

II.  ROSS  (R.),  H.  E.  ANNETT,  and  E.  E.  AUSTEN. 
REPORT  OF  THE  MALARIA  EXPEDITION  TO  SIERRA 
LEONE  (1899).     4to.     2u. 

III.  ANNETT  (H.  E.),  J.  E.  DUTTON,  and  J.  H.  ELLIOTT. 
REPORT  OF  THE  MALARIA  EXPEDITION  TO  NIGERIA 
(1900).     I.   Malarial  Fever.     4to.     \os.  6d. 

IV.  ANNETT  (H.  E.),  J.  E.  DUTTON,  and  J.  H.  ELLIOTT. 
REPORT  OF  THE  MALARIA  EXPEDITION  TO  NIGERIA 
(1900).  II.  Filariasis.  4to.  [This  is  out  of  print  separately,  but  is  also  con- 
tained in  the  Report  of  the  Thomson-Yates  Laboratories,  Vol.  IV,  Part  I. 
Price  zos."] 

V.  ROSS  (R.)  and  M.  L.  TAYLOR.  PROGRESS  REPORTS 
OF  THE  CAMPAIGN  AGAINST  MOSQUITOES  IN  SIERRA 
LEONE.  Part  I.  1901.  With  a  Letter  from  Dr.  Daniels  regarding  the 
results  arrived  at  to  date.     8vo.     is.     Part  II.  1902.     Svo.     is. 

VI.  {Not  issued  yet.'] 

VII.  DURHAM  (H.  E.)  and  W.  MYERS.  REPORT  OF 
THE    YELLOW    FEVER    EXPEDITION    TO    PARA    (1900). 

4to.     "js.  6d. 

VIII.  TAYLOR  (M.  L.).  REPORT  ON  THE  SANITARY 
CONDITIONS  OF  CAPE  COAST  TOWN.     Svo.     i^. 

IX.  ROSS  (R.).  REPORT  ON  MALARIA  AT  ISMAILIA 
AND  SUEZ.     8vo.     i^. 

X.  DUTTON  (J.  E.).  REPORT  OF  THE  MALARIA  EX- 
PEDITION TO  THE  GAMBIA.     4to.     10s.  6d.  net. 

XI.  DUTTON  (J.  E.)  and  J.  L.  TODD.  FIRST  REPORT 
OF  THE  TRYPANOSOMIASIS  EXPEDITION  TO  SENE- 
GAMBIA  (1902).  4to,  I Oi-.  6a'.  net.  [Also  contained  in  Thompson- Yates 
Laboratories  Reports,  V.  2.] 

XII.  BOYCE  (R.).  THE  ANTI-MALARIA  MEASURES 
AT  ISMAILIA.     Svo,     is. 

XIII.  DUTTON  (J.  E.)  and  J.  L.  TODD.  REPORTS  OF 
THE  TRYPANOSOMIASIS  EXPEDITION  TO  THE  CONGO 
(1903-1904).  With  a  Comparison  of  the  Trypanosomes  of  Uganda  and  the 
Congo  Free  State  by  H.  W.  Thomas,  M.  D.  M'Gill,  and  Stanley  F.  Linton, 
B.Sc,  M.B.,  Liverpool,  and  a  Note  on  Tsetse  Flies  by  E.  E.  Austen,  Zoo- 
logical Department,  British  Museum.     Papers  covers,     i^s. 

LOCKWOOD  (Prof.  C.  B.).  HUNTERIAN  LEC- 
TURES ON  THE  DEVELOPMENT  AND 
TRANSITION  OF  THE  TESTIS,  NORMAL 
AND  ABNORMAL.     Three  4to  Plates.     Svo,  cloth,     5^-. 
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MIERS  (J.).  ON  THE  APOCYNACEiE  OF  SOUTH 
AMERICA.  With  some  preliminary  Remarks  on  the  whole 
family.     35  Plates.     4to,  cloth.     305-. 

MOORE  (T.).  INDEX  FILICUM :  A  Synopsis  of  the 
Genera  of  Ferns.    20  Parts.    84  Plates.    12 mo,  sewed.    20s. 

MURRAY  (ANDREW).  LIST  OF  COLEOPTERA 
FROM  OLD  CALABAR,  ON  THE  WEST  COAST 
OF    AFRICA,    RECEIVED    AND     DESCRIBED. 

8vo,  sewed.     8s. 

NOTES  ON  SANITARY  CONDITIONS  OBTAINING 
IN  PARA.  By  the  Members  of  the  Yellow  Fever  Expedi- 
tion. (Published  by  the  Liverpool  School  of  Tropical 
Medicine.)     is. 

PALLIN  (Capt.  W.  A.,  F.R.C.V.S.).  A  TREATISE  ON 
EPIZOOTIC  LYMPHANGITIS.  Second  Edition. 
Demy  Svo,  cloth.  35-.  6d.  net ;  3^^.  gd.  post  free.  Neary  100 
pages,  17  full-page  Plates. 

PATERSON  (ANDREW  MELVILLE,  M.D.,  Derby 
Professor  of  Anatomy  in  the  University  of  Liverpool, 
Hunterian  Professor  at  the  Royal  College  of  Surgeons 
of  England).  THE  HUMAN  STERNUM.  Three 
Lectures  delivered  at  the  Royal  College  of  Surgeons,  England, 
November  1903.     With  10  Plates.     Crown  4to.     los.  net. 

PIDDINGTON  (HENRY).  THE  SAILORS'  HORN- 
BOOK FOR  THE  LAW  OF  STORMS.  Being  a 
Practical  Exposition  of  the  Theory  of  the  Law  of  Storms,  and 
its  uses  to  Mariners  of  all  Classes  in  all  Parts  of  the  World. 
Shown  by  transparent  Storm  Cards  and  useful  Lessons.  7th 
Edition.     Demy  Svo,  cloth.     los.  6d. 

PRAY  (Dr.).  ASTIGMATIC  LETTERS.  Printed  on 
Millboard,  size  22  by  14  inches,     is. 

PRIOR.  ON  THE  POPULAR  NAMES  OF  BRITISH 
PLANTS.  Being  an  Explanation  of  the  Origin  and  Meaning 
of  the  names  of  our  indigenous  and  most  commonly  cultivated 
species.     3rd  Edition.     Post  Svo.     js.  6d. 

RANSOM  (W.  H.,  M.D.,  F.R.S.,  F.R.C.P.).  THE 
INFLAMMATION  IDEA  IN  GENERAL  PATH- 
OLOGY.    Demy  Svo,  cloth.     7^.  6d. 

RAY  (PRAPHULLA  CHANDRA,  D.Sc,  Professor  of 
Chemistry,  Presidency  College,  Calcutta).  A  HIS- 
TORY OF  HINDU  CHEMISTRY  FROM  THE 
EARLIEST  TIMES  TO  THE  MIDDLE  OF  THE 
SIXTEENTH  CENTURY,  A.D.  With  Sanscrit  Texts, 
Variants,  Translation,  and  Illustrations.  Vol.  I.  Royal  Svo, 
cloth.     1 2  .y.  6^.  net.     Out  of  print.     Vol.  II.  in  preparation. 
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REPORTS  OF  THE  THOMPSON-YATES  AND 
JOHNSTON  LABORATORIES.  Demy  4to,  with 
Illustrations.  Vol.  I.  1898-9,  loi-.  6^.  Vol.  II.  1898-9. 
25J.  Vol.  III.  Part  I.  1900.  7^.  6d.  Vol.  III.  Part  2.  1901. 
1 2 J.  6d.  Vol.  IV.  Part  i.  1901.  20^-.  Vol.  IV.  Part  2. 
1902.  21^.  New  Series.  Vol.  V.  Parti.  1903.  Limp,  205-. ; 
cloth,  21^.  Vol.  V.  Part  2.  1903.  Limp,  \2s.  6d.;  cloth, 
135-.  6d.  Vol.  VI.  Part  i.  1905.  Limp,  12s.  dd.;  cloth, 
1 3 J-.  6d. 

ROSS  (RONALD,  C.B.,  F.R.S.,  etc.,  Major  LM.S. 
(retired)).  MALARIAL  FEVER:  Its  Cause,  Pre- 
vention, and  Treatment.  (Liverpool  School  of  Tropical 
Medicine,  Memoir  I.)     8vo,  cloth.     2s.  6d 

H.     E.    ANNETT,     M.D.,     D.P.H.,     and     E.     E. 

AUSTEN.        REPORT      OF      THE      MALARIA 
EXPEDITION     TO      SIERRA     LEONE      (1899). 

(Liverpool   School  of  Tropical   Medicine,  Memoir   II.)      4to. 
21s. 

FIRST  PROGRESS  REPORT  OF  THE  CAM- 
PAIGN AGAINST  MOSQUITOES  IN  SIERRA 
LEONE  (1901).  With  a  letter  from  Dr.  Daniels  regarding 
the  results  arrived  at  to  date.  (Liverpool  School  of  Tropical 
Medicine,  Memoir  V.,  i.)     i^. 

SECOND  PROGRESS  REPORT  OF  THE  CAM- 
PAIGN AGAINST  MOSQUITOES  IN  SIERRA 
LEONE  (1902).  By  M.  Logan  Taylor,  M.B.  (Liverpool 
School  of  Tropical  Medicine,  Memoir  V.,  2.)     is. 

REPORT    ON    MALARIA  AT   ISMAILIA  AND 

SUEZ.     (Liverpool   School   of   Tropical   Medicine,    Memoir 
IX.)     IS. 

SANDERS  (A.,  M.R.C.S.,  F.L.S.).  RESEARCHES  IN 
THE  NERVOUS  SYSTEM  OF  MYXINE  GLUT- 
IN  OS  A.     4to,  sewed.     8  Plates.     10^.  6d. 

SANG'S  LOGARITHMS.  A  new  Table  of  Seven-place 
Logarithms  of  all  Numbers  continuously  up  to  200,000 
2nd  Edition.     Royal  8vo,  cloth.     21s. 

SCHCENBEIN.  CORRESPONDENCE  WITH  FAR- 
ADAY.    See  Faraday. 

CORRESPONDENCE  WITH  BERZELIUS.     See 

Berzelius. 
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SCHREBER  (D.  G.  M.).  MEDICAL  INDOOR  GYM- 
NASTICS, or  a  System  of  Hygienic  Exercises  for  Home 
Use,  to  be  practised  anywhere,  without  apparatus  or  assistance, 
by  young  and  old  of  either  sex,  for  the  preservation  of  health 
and  general  activity.  Revised  and  Supplemented  by  Rudolf 
Graefe,  M.D.  With  a  large  plate  and  45  illustrations  in  the 
text.     Royal  8vo,  cloth.     3^.  net. 

"The  exercises  described,  when  efficiently  used,  will  undoubtedly  be  of 
value  in  strengthening  and  developing  the  muscular  system.  The  descrip- 
tions of  the  exercises  and  the  figures  in  the  text  are  excellent." — Physician 
and  Surgeon. 

' '  Well  worthy  of  the  attention  of  those  who  go  in  for  regular  physical 
training  as  a  means  for  the  preservation  of  health." — Scoisman. 

"A  very  sensible  little  treatise." — Glasgow  Herald. 

SCHROEN  (L.).  SEVEN-FIGURE  LOGARITHMS 
OF  NUMBERS  from  i  to  108,000,  and  of  Sines, 
Cosines,  Tangents,  Cotangents  to  every  10  Seconds 
of  the  Quadrant.  With  a  Table  of  Proportional  Parts. 
By  Dr.  Ludwig  Schroen,  Director  of  the  Observatory  of 
Jena,  etc.,  etc.  5th  Edition,  corrected  and  stereotyped. 
With  a  description  of  the  Tables  by  A.  De  Morgan,  Professor 
of  Mathematics  in  University  College,  London.  Imp.  8vo, 
cloth,  printed  on  light  green  paper,     gj. 

SNELLEN'S  OPHTHALMIC  TEST  TYPES.  Best  Types 
for  the  Determination  of  the  Acuteness  of  Vision.  14th  Edition, 
considerably  augmented  and  improved.  8vo,  sewed.  4^. 
Single  Sheets:  E  T  B,  MOV,  B  D  E,  UJ  UJ  U,  and  Large 
Clock  Sheet.  8(/.  each.  Small  Clock  Sheet  and  R  T  V  Z. 
4(2?.  each. 

ASTIGMATIC  TEST  CHART.     Long  folio,  varnished, 

mounted  on  rollers.     2s.  net. 

SONNTAG  (C.  O.).  A  POCKET  FLORA  OF  EDIN- 
BURGH AND  THE  SURROUNDING  DISTRICT. 

A  Collection  and  full  Description  of  all  Phanerogamic  and  the 
principal  Cryptogamic  Plants,  classified  after  the  Natural 
System,  with  an  artificial  Key  and  a  Glossary  of  Botanical 
Terms.  By  the  late  C.  O.  Sonntag,  the  Royal  High  School, 
Edinburgh ;  formerly  Secretary  of  the  Microscopical  Society  of 
Glasgow,  etc.  Fcap.  8vo,  limp  cloth,  round  corners,  with 
Map  of  the  Environs  of  Edinburgh.     3i-.  (id.  net. 

SPENCER  (W.   G.).     INVENTIONAL  GEOMETRY. 

With  a  Preface  by  Herbert  Spencer.     Svo,  cloth.     1.$-. 

SPENCER  (W.  G.).  A  SYSTEM  OF  LUCID  SHORT- 
HAND.    With  a  Prefatory  Note  by  Herbert  Spencer.     Cloth. 
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STEPHENS  (J.  W.  W.,  M.D.  Cantab.,  D.P.H.)  and 
S.  R.  CHRISTOPHERS,  M.B.  Vict,  I.M.S.  THE 
PRACTICAL  STUDY  OF  MALARIA  AND 
OTHER  BLOOD  PARASITES.  (Published  for  the 
Liverpool  School  of  Tropical  Medicine).  8vo,  cloth.  Second 
Edition,  enlarged,  with  new  colour  Plates.     12s.  6d.  net. 

TAYLOR  (M.  LOGAN,  M.B.,  Ch.B.).  REPORT  ON 
THE  SANITARY  CONDITIONS  OF  CAPE 
COAST  TOWN.  (Liverpool  School  of  Tropical  Medicine, 
Memoir  VIII.)     8vo.     is. 

REPORT  OF  THE  CAMPAIGN  AGAINST  THE 

MOSQUITOES    IN    SIERRA    LEONE.      See    Ross 
and  Taylor. 

TRANSACTIONS  OF  THE  EPIDEMIOLOGICAL 
SOCIETY  OF  LONDON.  New  Series.  Vol.  XXII. 
Session  1 902-1 903.  Demy  8vo,  cloth.  6^.  net.  The  earher 
volumes  of  the  New  Series,  I. -XXI.,  are  still  obtainable.  Price 
6s.  net  each.  Commemoration  Volume,  containing  an 
account  of  the  Foundation  of  the  Society  and  of  the  Com- 
memoration Dinner,  together  with  an  Index  of  the  papers  read 
at  its  meetings  between  1855  and  1900.     8vo,  cloth,     ^s.  net. 

TRANSACTIONS  OF  THE  ROYAL  SOCIETY  OF 
EDINBURGH.  Vol.  XXXVIII.  Part  i,  40^.  Part  2,  25^. 
Part  3,  3o.y.  Part  4,  75.  6d.  Vol.  XXXIX.  Part  i,  30J. 
Part  2,  19^-.  Part  3,  43^.  Part  4,  gs.  Vol.  XL.  Part  i,  255. 
General  Index  to  First  Thirty-four  Volumes  (i 783-1888),  with 
History  of  the  Institution.     4to,  cloth.     21s. 

TRANSACTIONS  OF  THE  ROYAL  IRISH 
ACADEMY,  DUBLIN.  Vols.  I.-XX.  4to.  ^22,  5^.  6d. 
Vols.  XXI.-XXXI.     Various  prices. 

TRANSACTIONS  OF  THE  ROYAL  DUBLIN 
SOCIETY.     Various  volumes  at  various  prices. 

VEGA.  LOGARITHMIC  TABLES  OF  NUMBERS 
AND  TRIGONOMETRICAL  FUNCTIONS.  Trans- 
lated from  the  40th,  or  Dr.  Bremiker's  Edition,  thoroughly 
revised  and  enlarged,  by  W.  L.  F.  Pischer,  M.A.,  F.R.S.,  Fellow 
of  Clare  College,  Cambridge;  Professor  of  Natural  Philosophy 
in  the  University  of  St.  Andrews.  75th  Stereotyped  Edition. 
Royal  8vo,  cloth.     75-. 
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VI.   Miscellaneous. 

ANTHROPOLOGY— SOCIOLOGY— MYTHOLOGY- 
BIBLIOGRAPHY,  BIOGRAPHY,  ETC. 

AVEBURY  (Lord,  D.C.L.,  F.R.S.,  etc.)  (Sir  John 
Lubbock).  PREHISTORIC  TIMES,  as  Illustrated 
by  Ancient  Remains  and  the  Manners  and  Customs 
of  Modern  Savages.  6th  Edition,  revised,  with  239  Illus- 
trations, a  large  number  of  which  are  specially  prepared  for  this 
Edition.     Demy  8vo,  cloth,  gilt  tops.     iSs. 

"To  anyone  who  wishes  to  obtain  a  succinct  conspectus  of  the  present 
state  of  knowledge  on  the  subject  of  early  man,  we  recommend  the  perusal 
of  this  comprehensive  volume." — -Jour.  Brit.  Archceolog.  Assoc. 

"The  fact  that  this  well-known  standard  vvork  has  reached  a  sixth 
edition  is  evidence  of  its  value  to  ethnologists  and  archaeologists.  The  many 
and  beautiful  illustrations  are  most  helpful  in  better  understanding  the  plain 
but  accurate  letterpress.  Lord  Avebury  is  to  be  congratulated  on  the  new 
edition,  which  is  sure  to  further  popularise  a  fascinating  subject  for  investiga- 
tion by  cultured  people." — Science  Gossip. 

"  It  is  necessary  to  compare  the  present  volume  with  the  fifth  edition  in 
order  to  see  how  much  it  has  been  improved.  The  illustrations  to  this  sixth 
edition  are  immeasurably  superior  to  the  fifth." — Knowledge. 

BIBLIOGRAPHICAL  REGISTER.  Published  Quarterly. 
dd.  net ;  2s.  2d.  per  annum,  post  free. 

BLACKBURN   (HELEN).     WOMEN'S  SUFFRAGE. 

A  Record  of  the  Women's  Suffrage  Movement  in  the  British 
Isles,  with  a  Biographical  Sketch  of  Miss  Becker.  Portraits. 
Crown  8vo,  cloth,     bs. 

See  also  Vynne,    Nora,   and    Blackburn,  "Women  under  the 

Factory  Acts." 

BROWN  (ROBERT,  Jun.,  F.S.A.).  SEMITIC  INFLU- 
ENCE IN  HELLENIC  MYTHOLOGY.  With 
special  reference  to  the  recent  mythological  works  of  the  Right 
Hon.  Prof.  Max  Miiller  and  Mr.  Andrew  Lang.  Demy  8vo, 
cloth.     IS.  6d. 

RESEARCHES   INTO   THE   ORIGIN   OF  THE 

PRIMITIVE  CONSTELLATIONS  OF  THE 
GREEKS,  PHCENICIANS,  AND  BABYLONIANS. 

With  a  large  map  of  the  Northern  Hemisphere  as  viewed 
at  Phoenicia  1200  B.C.,  and  other  maps.  2  vols.  Demy  8vo, 
cloth.      I  OS.  (yd.  each. 


-  MR.  GLADSTONE  AS  I  KNEW  HIM,  and  other 
Essays.     Demy  8vo,  cloth.     ']s.  6d. 
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CATALOGUE  OF  THE  LONDON  LIBRARY,  St  James's 
Square.  By  C.  T.  Hagberg  Wright,  LL.D.,  etc.  xiv+  1626  pp. 
4to,  cloth.  42s.  net.  Supplement  L,  1902-3.  Buckram, 
I  vol.,  196  pp.  5s.  net.  Supplement  IL  198  pp.  1903-4. 
Buckram.     5^.  net. 

"  The  present  catalogue  is  essentially  a  working  catalogue.  .  .  .  The 
general  level  of  accuracy  in  the  printing  and  editing  of  the  work  appears  to 
us  to  be  an  unusually  high  one.  .  .  ,  We  heartily  applaud  the  work, 
both  as  a  landmark  in  library  land,  and  as  a  monument  standing  upon  a  firm 
foundation  of  its  own. " —  The  Times. 

CURTIN  (JEREMIAH).  CREATION  MYTHS  OF 
PRIMITIVE  AMERICA  IN  RELATION  TO  THE 
RELIGIOUS  HISTORY  AND  MENTAL  DE- 
VELOPMENT OF  MANKIND.  Contains  twenty  long 
myths  taken  down  word  for  word  by  Mr.  Curtin  from  Indians 
who  knew  no  religion  or  language  but  their  own,  and  many  of 
whom  had  not  seen  a  white  man  until  they  had  attained  years 
of  maturity.  With  an  elaborate  Introduction  and  Notes. 
Demy  8vo,  cloth.     los.  6d.  net. 

ENGELHARDT  (C).  DENMARK  IN  THE  EARLY 
IRON  AGE.  Illustrated  by  recent  Discoveries  in  the  Peat- 
Mosses  of  Slesvig.  33  Plates  (giving  representations  of  upwards 
of  a  thousand  objects).  Maps,  and  numerous  other  Illustrations 
on  wood.     1866.     4to,  cloth,     ^is.  6d. 

ENGLISHWOMAN'S  REVIEW  (THE)  OF  SOCIAL 
AND  INDUSTRIAL  QUESTIONS.  Edited  by 
Antoinette  M.  Mackenzie.     Issued  quarterly,  sewed,     i^-. 

FARNELL  (L.  R.,  D.Litt).  EVOLUTION  OF  RE- 
LIGION.    See  Crown  Theological  Library,  Vol.  XII.,  p.  13. 

GOLDAMMER    (H.).      THE    KINDERGARTEN.      A 

Guide  to  Frobel's  Method  of  Education.     2  vols,  in  i.     120  pp. 
of  Illustrations.     8vo,  cloth,     los.  6d. 

HARRISON  (A.,  D.Sc).  WOMEN'S  INDUSTRIES 
IN  LIVERPOOL.  An  Inquiry  into  the  Economic  Effects 
of  Legislation  regulating  the  Labour  of  Women.     8vo.     ^s. 

HENRY  (JAMES).  iENEIDEA;  or,  Critical,  Exegetical 
and  iEsthetical  Remarks  on  the  ^Eneis.  With  a  per- 
sonal collation  of  all  the  first-class  MSB.,  and  upwards  of  100 
second-class  MSS.,  and  all  the  principal  editions.  Vol.  I. 
(3  Parts),  Vol.  II.  (3  Parts),  Vol.  III.  (3  Parts),  Vol.  IV. 
(i  Part).     Royal  8vo,  sewed.     ;^2,  2s.  net. 

HERBERT  (Hon.  A.).  THE  SACRIFICE  OF  EDUCA- 
TION TO  EXAMINATION.  Letters  from  "All  Sorts 
and  Conditions  of  Men."  Edited  by  Auberon  Herbert.  Half- 
cloth  boards.     2  s. 
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HERBERT  (Hon.  A.).  WINDFALL  AND  WATER- 
DRIFT.     Verse  Miniatures.      Square  12  mo,  cloth  limp,  gilt 

tops.       2S. 

and  WAGER  (HAROLD).     BAD  AIR  AND  BAD 

HEALTH.  Dedicated  to  Professor  Clifford  Allbutt.  Re- 
printed from  the  "  Contemporary  Review."  8vo,  cloth,  is.  6d. ; 
sewed,  \s. 

JOHNSON  (E.).  THE  RISE  OF  ENGLISH  CUL- 
TURE. With  a  brief  account  of  the  Author's  life  and  writings. 
Demy  8vo,  cloth.     15^.  net. 

KIEPERT'S  NEW  ATLAS  ANTIQUUS.  Twelve  Maps 
of  the  Ancient  World,  for  Schools  and  Colleges.  Third  hundred 
thousand.  12th  Edition,  with  a  complete  Geographical  Index. 
Folio,  boards.     6i'.     Strongly  bound  in  cloth,     ^s.  6d. 

WALL-MAPS  OF  THE  ANCIENT  WORLD— 

WALL-MAP  OF  ANCIENT  ITALY.  Italia  antiqua.  For  the 
study  of  Livy,  Sallust,  Cicero,  Dionysius,  etc.  Scale  i  :  800,000.  Mounted 
on  rollers,  varnished.     20s. 

GENERAL  WALL-MAP  OF  THE  OLD  WORLD.  Tabula 
orbis  terrarum  antiqui  ad  illustrandam  potissimuffl  antiquissimi  asvi  usque  ad 
Alexandrum  M.  historiam.  For  the  study  of  ancient  history,  especially  the 
history  of  the  Oriental  peoples :  the  Indians,  Medes,  Persians,  Babylonians, 
Assyrians,  Egyptians,  Phoenicians,  etc.  Scale  i  :  5,400,000.  Mounted  on 
rollers,  varnished.     20s. 

GENERAL    WALL-MAP    OF    THE    ROMAN     EMPIRE. 

Imperii  Romani  tabula  geographica.  For  the  study  of  the  development  of 
the  Roman  Empire.  Scale  i  :  300,000.  Mounted  on  rollers,  varnished. 
24^. 

WALL-MAP  OF  ANCIENT  LATIUM.  Latii  Veteris  et  finiti- 
marum  regionum  tabula.  For  the  study  of  Livy,  Dionysius,  etc.  Scale 
I  :  125,000.  With  supplement :  Environs  of  Rome.  Scale  i  :  25,000, 
Mounted  on  rollers,  varnished.     i8j-. 

WALL-MAP  OF  ANCIENT  GREECE.  Gra;cicE  Antique 
tabula.  For  the  study  of  Herodotus,  Thucydides,  Xenophon,  Strabo, 
Cornelius  Nepos,  etc.  Scale  i  :  500,000.  Mounted  on  rollers,  varnished. 
24^-. 

WALL-MAP  OF  THE  EMPIRES  OF  THE  PERSIANS 
AND  OF  ALEXANDER  THE  GREAT.  Imperia  Persarum  et 
Macedonum.  For  the  study  of  Herodotus,  Xenophon,  Justinian,  Arian, 
Curtius.     Scale  I  :  300,000.     Mounted  on  rollers  and  varnished.     20^^. 

WALL-MAP  OF  GAUL,  WITH  PORTIONS  OF  ANCIENT 
BRITAIN  AND  ANCIENT  GERMANY.  Gallise  Cisalpinse  et 
Transalpinse  cum  partibus  Britannice  et  Germanise  tabula.  For  the  study  of 
Caesar,  Justinian,  Livy,  Tacitus,  etc.  Scale  1  :  1,000,000.  Mounted  on 
rollers  and  varnished.     24^-. 
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KIEPERT'S  WALL-MAPS  OF  THE  ANCIENT  WORLD-Contd. 

WALL-MAP  OF  ANCIENT  ASIA  MINOR.  Asise  Minoris 
Antiquse  tabula.  For  the  study  of  Herodotus,  Xenophon,  Justinian,  Arian, 
Curtius,  etc.     Scale  i  :  800,000.     Mounted  on  rollers  and  varnished.     20s. 

LAING  and  HUXLEY.  PREHISTORIC  REMAINS 
OF  CAITHNESS.  By  Samuel  Laing,  Esq.,  with  Notes  on 
the  Human  Remains  by  Th.  H.  Huxley,  F.R.S.  150  En- 
gravings.    8vo,  cloth.     4.9.  6d. 

MARCKS  (ERICH,  Professor  of  Modern  History  at  the 
University  of  Leipzig).  ENGLAND  AND  GER- 
MANY :  Their  Relations  in  the  Great  Crises  of 
European  History,  1500-1900.    Demy  8vo,  stiff  wrapper,    is. 

OTIA  MERSEIANA.  The  Publication  of  the  Arts  Faculty  of 
the  University  of  Liverpool,  Vols.  I. -HI.  8vo.  1 899-1 903. 
Each  loi'.  6d. 

PEDDIE  (R.  A.).  PRINTING  AT  BRESCIA  IN 
THE  FIFTEENTH  CENTURY.  A  List  of  the 
Issues.     5^.  net. 

ST.  CLAIR  (GEORGE,  Author  of  "Creation  Records," 
"Buried  Cities  and  Bible  Countries,"  etc.).  MYTHS  OF 
GREECE  EXPLAINED  AND  DATED.  An  Em- 
balmed History  from  Uranus  to  Perseus,  including  the  Eleusinian 
Mysteries  and  the  Olympic  Games.     Demy  8vo.     2  vols.     16s. 

SCHLOSS  (DAVID  F.).  METHODS  OF  INDUS- 
TRIAL REMUNERATION.  3rd  Edition,  revised  and 
enlarged.     Crown  8vo,  cloth,     'js.  6d. 

"  In  its  new  as  in  its  old  form  the  book  is  well  nigh  indispensable  to  the 
student  who  desires  to  get  some  insight  into  the  actual  facts  about  the  various 
methods  of  industrial  remuneration,  and  the  degree  of  success  with  which 
they  have  been  applied  in  the  various  trades," — Manchester  Guardian. 

"More  useful  than  ever  to  the  students  of  the  labour  problem." — 
Political  Science  Quarterly. 

SPENCER    (HERBERT).     AN   AUTOBIOGRAPHY. 

See^^.  31. 

PRINCIPLES  OF  SOCIOLOGY.    See  v.  31. 

STUDY  OF  SOCIOLOGY.         See  p.  32. 

- —  DESCRIPTIVE  SOCIOLOGY.    See  p.  32. 
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STEPHENS  (GEORGE).  PROFESSOR  BUGGE'S 
STUDIES  ON  NORTHERN  MYTHOLOGY  EX- 
AMINED.    Illustrations.     8vo,  cloth.     8^. 

THE    RUNES,  WHENCE    CAME    THEY?    4to, 

sewed.     6j-. 

OLD  NORTHERN  RUNIC  MONUMENTS.    Vol. 

IV.     Folio.     20S.  net. 

VEILED  FIGURE  (THE),  and  Other  Poems.  Large 
post  Svo,  buckram,  gilt,  cover  designed  by  Mr.  T.  Blake 
Wirgman.     2^.  6d. 

VYNNE  (NORA)  and  HELEN  BLACKBURN,  and 
with  the  Assistance  of  H.  W.  ALLASON.  WOMEN 
UNDER  THE  FACTORY  ACTS.  Part  i.  Position 
of  the  Employer.  Part  2.  Position  of  the  Employed.  Crown 
Svo,  cloth,     i^.  net. 

WELD  (A.  G.).  GLIMPSES  OF  TENNYSON  AND 
OF  SOME  OF  HIS  FRIENDS.  With  an  Appendix 
by  the  late  Bertram  Tennyson.  Illustrated  with  Portraits  in 
photogravure  and  colour,  and  with  a  facsimile  of  a  MS.  poem. 
Fcap.  Svo,  art  linen.     4s.  6d.  net. 

' '  This  is  a  delightful  little  book,  written  by  one  who  has  all  the  qualifications 
for  the  task — the  opportunities  of  observation,  the  interest  of  relationship, 
and  the  sympathetic  and  appreciative  temper.  .  .  .  We  do  not  attempt  to 
criticise,  but  only  to  give  such  a  description  as  will  send  our  readers  to  it." — 
Sj>eciaior. 

' '  Everyone  who  reads  the  book  will  understand  Tennyson  a  little  better, 
and  many  will  view  him  in  a  new  aspect  for  the  first  time." — Daily  Chronicle. 

"It  is  quite  worthy  of  a  place  side  by  side  with  the  larger  'Life.'" — 
Glasgow  Herald. 
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LIST  OF  PERIODICALS,  REVIEWS,  AND 

TRANSACTIONS  AND  PROCEEDINGS 

OF   LEARNED   SOCIETIES 

PUBLISHED    BY   WILLIAMS   &   NORGATE. 


THE  HIBBERT  JOURNAL:  A  Quarterly  Review  of 
Religion,  Theology,  and  Philosophy.  Single  numbers, 
2S.  6d.  net.     Subscription,  loj-.  per  annum,  post  free. 

"  There  is,  for  English  readers  at  least,  no  existing  medium  for  expression 
of  free-thought  in  this  best  sense  ;  and  should  anything  but  success  await  the 
venture  of  publishing  'The  Hibbert  Journal,'  we  shall  confess  painful  sur- 
prise. ...  It  will  be  a  reflection  on  our  theological  and  philosophical 
students  if  they  do  not  show  full  appreciation  of  a  journal  so  admirably 
planned  and  so  strongly  commenced.  ,  .  .  For  the  form  of  the  journal  we 
have  nothing  but  praise,  the  print  being  large  and  the  margins  ample.  We 
have  never  with  more  sincerity  wished  well  to  a  new  undertaking ;  and 
should  it  fulfil  its  undoubted  possibilities,  '  The  Hibbert  Journal '  must  be 
of  immense  service  to  all  serious  and  progressive  students  of  the  subjects  with 
which  it  deals." — Christian  World. 

MIND:  A  Quarterly  Review  of  Psychology  and  Philo- 
sophy. Edited  by  Dr.  G.  F.  Stout.  Published  in  the  first  week 
of  January,  April,  July,  and  October.  4^^.  Per  annum,  12s., 
post  free. 

THE  LIBERAL  CHURCHMAN.    A  Quarterly  Review. 

Subscription,  ^s.  per  annum,  post  free.      Single  numbers,   \s. 
net,  i.y.  2d.  post  free. 

THE  ENGLISHWOMAN'S  REVIEW  OF  SOCIAL 
AND  INDUSTRIAL  QUESTIONS.  Edited  by 
Antoinette  M.  Mackenzie.  Issued  quarterly  on  15th  January, 
April,  July,  and  October.  Price  \s.  Per  annum,  4^.  6d.,  post 
free. 

JOURNAL  OF  THE  FEDERATED  MALAY  STATES 
MUSEUMS.  Issued  quarterly.  Single  numbers,  \s.  6d. 
net.      Subscription,  ^s.  per  annum. 

JOURNAL  OF  THE  ROYAL  MICROSCOPICAL 
SOCIETY,  containing  its  Transactions  and  Proceedings, 
with  other  Microscopical  Information.  Bi-monthly.  6^.  net. 
Yearly  subscriptions,  37^.  6d.,  post  free. 
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JOURNAL  OF  THE  QUEKETT  MICROSCOPICAL 
CLUB.  Issued  half-yearly,  April  and  November.  Price 
35.  dd.  net.     is.  6d.  per  annum,  post  free. 

LINNEAN  SOCIETY  OF  LONDON.  Journal  of  Botany 
and  Journal  of  Zoology.     Published  irregularly  at  various  ^trices. 

ROYAL  SOCIETY  OF  EDINBURGH.  Transactions. 
Issued  irregularly  at  various  prices. 

LIVERPOOL    MARINE     BIOLOGY    COMMITTEE. 

Memoirs.  I. -XI.  already  published  at  various  prices.  Fauna 
of  Liverpool  Bay.  Fifth  Report,  written  by  Members  of  the 
Committee  and  other  Naturalists.    Cloth.    85.  6d.  net.    See  p.  50. 

MEMOIRS  OF  THE  LIVERPOOL  SCHOOL  OF 
TROPICAL  MEDICINE.     See  p.  51. 

ROYAL  ASTRONOMICAL  SOCIETY.  Memoirs  and 
Monthly  Notices.     Yearly  volumes  at  various  prices. 

ROYAL  IRISH  ACADEMY.  Transactions  and  Proceedings 
issued  irregularly ;  prices  vary.  Cunningham  Memoirs.  Vols. 
I.-X.  already  issued  at  various  prices. 

ROYAL  DUBLIN  SOCIETY.  Transactions  and  Proceed- 
ings.    Issued  irregularly  at  various  prices. 

REPORTS  OF  THE  THOMPSON-YATES  LABORA- 
TORIES.    See  p.  53. 

TRANSACTIONS  OF  THE  EPIDEMIOLOGICAL 
SOCIETY  OF   LONDON.     ^^^  p.  55- 
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